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Helminth and malaria co-infection in humans: Where do we stand 
now? 
 
I. Epidemiology of helminths and malaria co-infection 
 
Parasitic helminths encompass a variety of different pathogens 
including filaria, schistosoma and intestinal helminths. They are widely 
distributed in tropical and sub-tropical areas where, as shown in figure 
1, they share the same spatial distribution as malaria and usually co-
infect the same human host (1,2). 
 
Figure 1:  World map showing the geographical distribution of malaria and helminth 
infection or co-infection. Data on malaria are indicative of the percentage of 
population at risk in the world in 2013. These data were obtained from the WHO 
2014 world malaria report. Data on helminths (lymphatic filariasis, onchocerciasis, 
schistosomiasis or soil-transmitted helminthiasis) were extracted from the following 
source (Lustigman, S. et al. A research agenda for helminth diseases of humans: the 
problem of helminthiases. PLoS Negl Trop Dis 6, e1582 (2012)).  
 
Data are still lacking on the prevalence of malaria and helminth 
coinfection worldwide. However because more than 75% of malaria 
cases occur in sub-Saharan Africa (3), it is expected that this continent 
also bears the highest burden of helminths and malaria co-infection. 
Using a mathematical modelling approach it was recently estimated 
that approximately one quarter of African school-aged children were at 
risk of co-infection with malaria and hookworm (1). However because 






that a higher prevalence of co-infection would have been predicted if 
other helminth species were considered. Population-based studies 
conducted in different African countries have so far confirmed this (4–
10) and have furthermore indicated an influence of helminths on 
malaria outcomes as depicted in Figure 2. For instance it was reported 
that helminth-infected individuals were more susceptible (5,6,11,12) or 
protected (7,8)  against malaria and,  had a higher (9,11) or a lower (10) 
carriage rate of malaria parasite depending on the species and the 
burden of helminth infection. Moreover in studies carried out in 
Thailand it was noted that malaria patients who were concurrently 
infected with helminths presented with less fever and were less likely to 
develop cerebral malaria or renal failure by comparison to their 
helminth-uninfected counterpart (13,14). However, there are  
contradictory findings in other settings (6,15). In addition, the effect of 
helminths on malaria induced anaemia, a leading cause of mortality in 
sub-Saharan Africa, has also been investigated. Although studies have 
suggested a protective effect of helminths on malaria-induced anaemia, 
a meta-analysis of all available published studies was not able to 
confirm these findings (16).  
 
Figure 2:  The possible influence of helminth infections on transmission and/or 






Many factors can influence the associations between helminths and 
malaria parasites or disease (Figure 3), among them helminth species 
involved infection pressure and burden, age of the study subjects and 
their nutritional status. In utero exposure to helminths antigens could 
also be added to this list (17,18). With respect to the latter, a birth 
cohort study conducted in Uganda showed that children who were 
followed from delivery till the age of five years had an increased risk of 
malaria infection and morbidity if their mother was infected with M. 
perstans and hookworm during pregnancy (19). Interestingly this result 
shows that not only current infection but also past exposure to helminth 
antigens might shape the host response to malaria parasite. 
Considerable efforts have been put into understanding the mechanisms 
whereby helminths can influence malaria infection. What is currently 
known is that helminths have the potential to manipulate the immune 
system of their host in order to ensure their survival, however, this 
immune modulation may have significant consequences on the host 
response to others pathogens such as Plasmodium spp.(20).   
 
 
Figure 3: Infection with helminths or P. falciparum results in direct interaction 
between these parasites with the host immune system and metabolism. But co-
infection can also result in direct or indirect interaction between these two parasites 
within the human host (depicted inside the red square). This interaction network 
might however be influenced by several factors shown here outside the red box. 
Because this thesis focuses on the effect of helminths on malaria we have emphasized 







II. Immune response to Plasmodium spp. in the context of 
helminth co-infection 
 
Learning from animal models 
 
The acquisition of a protective immune response to Plasmodium spp. 
has proven to be a complex process. It depends on a well-adjusted 
balance between different effector mechanisms of the host immune 
system at different stages of the infection (21,22). During the acute 
phase of malaria, the host immune response is essentially cell mediated 
(23,24) and involves innate mechanisms that rely on the recognition 
and uptake of sporozoite by antigen presenting cells (25,26) and by the 
release of pro-inflammatory cytokines, primarily by γδ T cells as well 
as Natural killer (NK) and NK T cells (27). This is followed by 
essentially, but not exclusively, the involvement of CD8 T cells at the 
liver stage (28,29) along with a variety of CD4 helper T cells subsets 
when the parasite reaches the bloodstream (21,23). The adaptive 
immune response observed during the acute phase relies on a fine 
equilibrium between a panel of inflammatory and anti-inflammatory 
cytokines that aim at stopping the replication of the parasite on the one 
hand and preventing host tissue damage on the other (21,30–32). 
Understanding how helminths can influence anti-malaria immunity has 
been particularly of interest during the past decades. It is now well 
established that helminths have the potential to modulate the innate and 
adaptive immune response of their host (33,34). This immune 
modulation is characterized by an impairment of dendritic cell function 
(35), a Th2 skewed immune phenotype (36,37), and the induction of a 
potent regulatory network (38) leading to T cells hyporesponsiveness 
(39,40). In a mice model of Plasmodium chabaudi infection it was 
observed that the erythrocytic stage of P. chabaudi elicited a specific 
immune response characterized by the activation of IFN-γ producing T 
cells during the acute phase of the infection, followed by an increase of 
IL-4 producing T cells and of specific antibodies during the chronic 
phase. However in mice co-infected with Heligosomoides polygirus 
and P. chabaudi the presence of helminths resulted in a significantly 
lower production of IFN-γ along with an increase in the level of IL4, 
IL-10 and TGF-β in comparison to mice infected with P. chabaudi 





parasitemia and higher mortality rate than those singly infected with P. 
chabaudi only (41). In contrast,  a study by Karadjan and co-workers 
showed no effect of Litosomoides sigmodontis coinfection on the peak 
parasitemia of P. chabaudi whereas a decrease was observed for 
Plasmodium yoelii (42). Furthermore they did not report a difference in 
the level of IFN-γ or IL-10 between P. yoelii single infected mice and 
those co-infected (42). Such heterogeneity in outcomes have been 
attributed to differences in study methodology, model of malaria, 
helminth species and the genetic background of mice used (43). 
However in order to distil the current body of knowledge, and take into 
consideration these factors, a meta-analysis was conducted. The meta-
analysis focused on all available articles describing murine models of 
helminth and malaria parasite co-infection where the major pro-
inflammatory cytokine IFN-γ was assessed (44). The meta-analysis 
confirmed a helminth-induced decrease of IFN-γ in malaria infected 
mice despite the heterogeneity observed when single reports were 
considered. It showed that this effect correlated with an increase of 
parasite density in co-infected mice but it was independent of IL-4 ( 
42). Unfortunately their analysis did not include anti-inflammatory 
cytokines or the regulatory cells which are known to be increased by 
helminths and can down modulate the pro-inflammatory cytokine 
responses in murine models of malaria (45). In general, the reported 
impairment of the host immune response induced by helminths reflects 
their ability to influence anti-malaria cell mediated immunity. This 
impairment results from a modulation exerted both on the innate and 
adaptive components of the immune system. It was for example shown 
that schistosome antigens can effectively modulate DCs (46). In a 
model of H. polygyrus and P. chabaudi co-infection, DCs from co-
infected host were less able to induce in vitro proliferation or IFN-γ 
production by CD4
+
 T cells in response to malaria antigen stimulation 
when compared to mice infected with P. chabaudi only (47). It should 
be noted that helminth infections can also result in intrinsic T cell 
hyporesponsiveness (48) as well as in induction of regulatory T (39,40) 
and regulatory B (49) cells able to dampen the function of effector T 
cells. 
While the cellular immune response is important to reduce high patent 
parasitemia to low levels during the acute phase of malaria the final 
effective mechanism for clearance of blood stage parasites was 






knockout mice are unable to clear P. chabaudi despite their ability to 
reduce parasitemia during the acute infection (50). This situation led to 
a chronic relapsing parasitemia that was only controlled by a 
subsequent adoptive transfer of B cells. The role of Plasmodium spp. 
specific antibodies in anti-malaria immunity has been shown to range 
from blocking liver or erythrocyte invasion by parasites, preventing 
sequestration of infected erythrocytes in micro vasculature, mediating 
antibody dependent cellular immunity (ADCI) as well as preventing 
fertilisation of gametes (22). In the context of co-infection humoral 
response to Plasmodium spp. can be influenced by chronic helminth 
infections that are usually marked by Th2 skewing and regulatory 
responses along with an increased production of IgG4 and IgE 
(reviewed in (51,52)). This Th2 profile can interfere with the ADCI 
necessary to control Plasmodium spp. parasites, which rely on 
cytophilic antibodies (53,54). Experimental data are still scarce on how 
helminths influence B cells function and distribution in general, and 
more particularly in the context of malaria infection. Understanding 
this would be of particular importance given that new B cell subsets, 
such as regulatory B cells, implicated in immune tolerance (55), might 
help shed light on anti-malaria immunity. 
 
Learning from population-based studies 
 
Although studies in mice have been instrumental to understand how 
helminths can affect anti malaria specific immunity, they nevertheless 
represent a questionable model for helminth and malaria co-infections 
in humans (discussed in (56)). For this reason significant efforts have 
been devoted to determine the extent to which the findings in 
experimental animal models would translate into population-based 
studies. In helminth endemic countries where the force of the infection 
is relatively high, exposure to antigens can start in utero (18,57) and the 
first active helminth infection generally followed by repeated re-
infection, happen early in life (58,59) leading to chronicity at a 
relatively young age. In the case of S. haematobium, chronic infection 
is marked by the release of eggs by the female worms into the bladder 
that cause local damage resulting in haematuria. From the perspective 
of the host immune response, chronic S. haematobium infection is 
characterized by a Th2 skewed immune phenotype (60) that leads to B-





two antibodies is thought to be important in anti-schistosoma 
immunity, contributing to resistance or susceptibility to re-infection. 
When considered in detail, studies have indicated that schistosome 
antigen specific IgM, IgE, IgA and IgG1 are rather protective against 
re-infection whereas IgG2 and IgG4 are mainly associated with 
susceptibility (61–64). Although the role of humoral immune response 
in anti-schistosoma immunity is well understood it is not very clear 
why it takes years for naturally exposed individuals to develop a 
protective antibody response. While this might result from a general 
state of hyporesponsiveness mediated by regulatory cells (65), a 
helminth induced impairment of B cell function cannot be formally 
ignored and needs to be assessed given the existence of reports 
indicating an increased proportion of exhausted B cells in individuals 
with chronic viral infections (66,67). Addressing this question might 
also help to extend our knowledge on how helminths interfere with 
anti-malaria immunity. 
Epidemiological studies conducted in endemic areas have investigated 
the influence of helminths on either the cellular or the humoral immune 
response of individuals co-infected with P. falciparum. Unfortunately 
these studies have so far generated contradictory results that are 
difficult to reconcile. For example infection with S. haematobium in 
malaria co-infected children in Senegal was associated with an increase 
of IgG1 and IgG3 cytophylic antibodies specific to MSP119  P. 
falciparum antigen (68) whereas in Mali it did not influence the level of 
total IgG to AMA1 or MSP1 (69) and in Zimbabwe it was negatively 
correlated with IgG1, IgG4 and IgM antibodies against schizont 
extracts, MSP3 and GLURP (70). More studies are still needed to get a 
comprehensive picture of the influence of helminths on anti-malaria 
humoral immunity. It will also be important to determine the effect of 
helminths on P. falciparum sexual stage antibody responses. Indeed the 
few studies that are currently available have only focused on antibody 
response to P. falciparum asexual stage antigens whereas some data 
indicate that carriage of P. falciparum gametocytes can be increased in 
helminth infected subjects (71,72) possibly as a consequence of an 
impairment of the host immunity to gametocyte antigens. An effect of 
helminths has also been reported on the cellular immune responses of 
malaria infected subjects. However its direction is still a matter of 
debate. In the case of the Th1 mediated anti-malaria immunity, some 






Th1/pro inflammatory cytokines such as IFN-γ and TNF in helminths 
and malaria co-infected subjects. However, there are also studies that 
show no association between helminths and immune responses to P. 
falciparum infection(76–78). Similar discrepancies have similarly been 
observed in studies where other arms of anti- malarial cellular 
immunity such as the Th2, Th17 or Regulatory T cell responses were 
assessed. It is possible that the observed differences in study outcomes 
reflect underlying heterogeneities in the study sites and methodologies: 
1) different epidemiological features of malaria and helminth 
infections; 2) age and history of exposure to infection; 3) other 
helminth infections not considered. As indicated in table 1 all the 
current available immuno-epidemiological studies were also 
characterized by the diversity of immunological assays used to assess 
the influence of helminths on cellular immune responses during P. 
falciparum infections. For example, many different methods were used 
to measure the cytokines involved, in plasma, in serum, in supernatants 
or intra-cellularly following stimulation of peripheral blood 
mononuclear cells or whole blood by different stimuli. These 
differences might explain, to some extent, the observed discrepancies in 
the direction of the effect of helminths on cellular immunity upon P. 
falciparum infection. It is also important to underline that in most cases 
studies on this topic have only given an incomplete picture of the 
interaction between helminths and cellular immunity during malaria by 
focusing on only few cytokines or few parameters to characterise the 
Th1, Th2, Th17 or regulatory T cells immune responses. Adding to this 
is our limited knowledge of innate immunity in the context of co-
infection. Majority of studies have indeed focused on malaria specific 
adaptive immunity and none have so far assessed both the innate and 
adaptive immune responses in the same cohort. 
 
I. Scope and aims of this thesis 
 
The main objective of this thesis is to improve our understanding of 
helminth and Plasmodium spp. co-infection within their human host. 
We aimed to assess how helminths manipulate the immune system of 
their human host and how such a manipulation could affect immune 
response in subjects infected with malaria parasites. Our study 
population was selected in an area where the burden of helminths 





Table 1: Summary table of epidemiological studies that assessed the 
effect of helminth infections on the immune response of individuals 





Type of immunological 
assay performed 
Type of stimuli used 
if cells were 
stimulated 
Type of read out 
1 
Noone et al.  
(2013) 
Plasma cytokine NA Plasma cytokines 
2 Courtin et al. Plasma cytokine NA Plasma cytokines 
3 
Diallo et al. 
(2010) 
Whole blood culture 
MSP1 antigens and 
P. falciparum 
schizont lysate 
Cytokines measured in the  
cell culture supernatant 
4 
Dolo et al. 
(2012) 
Plasma cytokine NA Plasma cytokine 
5 
Hartgers et al. 
(2009) 
Whole blood culture 
P. falciparum 
infected red bllod 
cells (iRBCs) 
Cytokines measured in the  
cell culture supernatant 
6 
Lyke et al. 
(2006) 
Serum cytokine NA Serum cytokine 
7 
Metenou et al. 
(2009) 
Whole blood culture iRBCs 
Cytokines measured in  cell 
culture supernatant 
8 
Metenou et al. 
(2011) 
Whole blood culture iRBCs Intracellular cytokines 
9 
Muok et al. 
(2009) 
Whole blood collected 
and stained withouth 
stimulation 
 
T cells characterized by 
surface markers 
10 Nmorsi (2009) Plasma cytokines NA Plasma cytokines 
11 
 
Wilson et al. 
(2009) 
Plasma cytokines NA Plasma cytokines 
12 
Lyke et al. 
(2012) 
Surface staining of PBMC NA 





Metenou et al. 
(2012) 
 


















Regulatory  T cells 
characterized by surface 
markers 
15 
Wammes et al. 
(2010) 





T cells characterization 
T cells proliferation 
Cytokines in cell culture 
supernatatant 
16 
Wilson et al.  
(2008) 
Whole blood culture SEA, SWA and PHA 




Hartgers et al. 
(2008) 
Whole blood culture iRBCs 
Cytokines measured in the  
cell culture supernatant 
18 
Lyke et al. 
(2012) 
PBMC culture 
Memory B cells assays 
ELISA 





Memory B cells response to 
malaria or schistosoma 
antigens 
19 
Diallo et al. 
(2004) 






are remarkably high. Characterizing immune responses of subjects 
living within this context is of special interest. Indeed whereas 
experimental studies inform us on how the immune system works in 
optimal conditions, field studies involving naturally exposed 
individuals might give a valuable insight into the immunological 
profiles encountered in endemic regions. We set out to assess the 
different arms of the immune system. On the one hand we assess the 
humoral response to P. falciparum sexual and asexual stages antigens 
and the effect of S. haematobium on B cell subsets and function. On the 
other, we evaluate the cellular immune reactivity by analysing the host 
innate and adaptive immune response in P. falciparum infected subjects 
in the context of concurrent chronic helminth infections. 
 
II. Outline of this thesis 
 
This thesis is divided into height chapters: 
 
The first chapter serves as Introduction. 
 
The second chapter describes the study population, the study area, as 
well as the study procedures and different immunological assays that 
were used. 
 
In the third chapter we investigate the effect of S. haematobium 
infection on the different B cells subsets and their response to B cell 
receptor engagement and TLR ligands. 
 
In the fourth chapter we expand our studies to assess the effect of 
helminths on the antibody response specific to P. falciparum sexual and 
asexual stage antigens. 
 
In the fifth chapter we assess the in utero effect of filarial infection on 
the Th1, Th17 and regulatory T cell responses in newborns. 
 
In the sixth chapter the innate and adaptive immune responses of S. 
haematobium and P. falciparum co-infected school age children were 






The seventh chapter consist of a meta-analysis that extends our 
assessment of the effect of helminths on the cellular immune responses 
of subjects infected with Plasmodium spp. to all available results of 
such studies in the literature. 
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Malaria and helminth co infection are common in tropical and 
subtropical areas where they affect the life of millions of people. While 
both helminth and malaria parasites have immunomodulatory activities, 
little is known about the consequence of co-infections on malaria 
antigen specific immune responses. 
Method/Design 
This study will be conducted in two rural areas of the Moyen Ogooué 
province in Gabon, endemic for both Plasmodium falciparum and 
Schistosoma haematobium infections. Participants, 5 to 50 years old, 
will be enrolled and grouped according to their infection status. S. 
haematobium and malaria parasites will be detected, demographic and 
clinical data will be recorded and blood will be collected for 
hematological as well as for immunological assays. The level of 
antibody specific to Plasmodium falciparum blood stage and 
gametocyte antigens will be measured using ELISA. PBMC will be 
isolated for phenotyping of different T cell subsets ex vivo by flow 
cytometry and for culture and cytokine response assessment. 
Discussion  
We will provide a comprehensive picture of the interaction between 
schistosomes and malaria parasites which co-localize in peripheral 
blood. We will test the hypothesis that schistosome infection has an 
impact on specific humoral as well as on cellular immune responses to 
malaria antigens. 
Keywords 
Malaria, Helminths, Co-infection, Cellular immune response, Study 








Malaria and helminth infections are two of the major causes of 
mortality and morbidity in developing countries (Brooker et al. 2007; 
Hotez and Kamath 2009; Mwangi et al. 2006). Both infections are 
highly endemic in tropical and sub tropical areas (Adegnika and 
Kremsner 2012; Akue et al. 2011; Brooker et al. 2007). In the tropics, 
Sub Saharan Africa (SSA) bears the heaviest burden of Plasmodium 
spss. infection occurring mainly in children under five years. Moreover 
it is reported that almost 90% of all schistosomiasis cases worldwide 
are confined into this part of the world (Hotez and Kamath 2009; 
Simoonga et al. 2009). In developing countries, infection with multiple 
species of parasites is often the norm (Griffiths et al. 2011; Raso et al. 
2004). 
Parasitic coinfection is a relatively new research area. Although some 
data have been generated, much is unknown and contradictions persist 
on the impact of helminth infections on malarial disease or parasitemia 
during co-infection (Adegnika and Kremsner 2012; Brooker et al. 
2007; Hartgers and Yazdanbakhsh 2006; Nacher 2011). At the clinical 
level, interaction between plasmodium and helminth species has been 
discussed; while some studies have highlighted the protective effect of 
helminth infection on severe malaria and its association with a 
decreased incidence of malaria attacks or malaria parasite density (Boel 
et al. 2010; Lemaitre et al. 2014; Nacher et al. 2000), other studies have 
given a completely opposite picture (Le Hesran et al. 2004; Sangweme 
et al. 2010). It seems that the outcome of the interaction between 
helminth and malaria is helminth species specific with, for example, 
Ascaris infection more likely to be protective against severe forms of 
malaria and infection with hookworm associated with an increase of 
malaria incidence (Adegnika and Kremsner 2012; Nacher 2011). 
However despite these opinions more data are needed to get a clear 
picture of the situation. 
Immunity and pathology to malaria is thought to be dependent on a 
balance between different arms of the immune system. Indeed, whereas 
at the early stages of infection, the presence of Plasmodium spp. in the 






cytokines, activated cytotoxic T cells and γδ T cells, the effective 
clearance of the parasite is thought to be mediated by cytophilic 
antibodies of the IgG1 and IgG3 isotypes (Bouharoun-Tayoun and 
Druilhe 1992; Hartgers and Yazdanbakhsh 2006; Langhorne et al. 
1998; Leoratti et al. 2008). However, the hallmark of immune 
responses during chronic helminth infections is the strong polarization 
toward Th2 and the downstream production of IgE and IgG4 
antibodies. This Th2 skewed response is followed by the activation of 
an immunoregulatory network which can lead to cellular 
hyporesponsiveness with limited cells proliferation and cytokine 
production (Hartgers and Yazdanbakhsh 2006; Maizels and 
Yazdanbakhsh 2003; Nacher 2011). Down regulation of the immune 
response has been shown to be important for the survival of the parasite 
and for the restriction of deleterious immune response that lead to 
tissue pathology in the host (Belkaid 2007; Maizels and Smith 2011). 
It is hypothesized that chronic helminth infections, with their marked 
immunomodulatory properties are able to modify immune responses to 
antigens derived from other pathogens (Hartgers and Yazdanbakhsh 
2006; Maizels and Yazdanbakhsh 2003). This has been studied for 
helminth and malaria coinfection but again with conflicting results. For 
example, studies reported that schistosome infections decrease (Courtin 
et al. 2011) or favor (Remoue et al. 2003) the production of cytophilic 
antibodies protective against Plasmodium falciparum malaria, while 
another study in Zimbabwe, reported no association between 
Schistosoma infection and humoral response to malaria parasites 
(Sangweme et al. 2010). Inconclusive results were also reported when 
assessing cytokine productions in malaria co-infected subjects 
(Sangweme et al. 2010). In two different studies undertaken in Ghana 
and Mali, IL-10 responses to malaria antigen were found to be higher in 
helminth and malaria co-infected subjects (Hartgers et al. 2009; Lyke et 
al. 2012) whereas in a study from Senegal the level of INFγ was higher 
in co-infected subjects and the increase of IL-10 was only observed in 
adults but not in children when considering schistosoma and malaria 
co-infection (Diallo et al. 2004). Helminth infections have also been 
thought to increase malaria transmission intensity (MTI), as 
demonstrated in two studies showing an increase of gametocyte 
carriage in helminth infected subjects in comparison to non-infected 
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murine model of malaria and helminth coinfection, Noland et al. 
observed that anopheles mosquitoes exposed to co-infected mice had a 
higher rate of infectivity than those exposed to malaria only infected 
mice (Noland et al. 2007). The mechanism behind the possible impact 
of helminths on malaria transmission is still unclear, 
Taking into account the reports in literature, we set out to conduct a 
study in an area where S. haematobium and P. falciparum infections are 
highly endemic (Adegnika et al. 2010; Wildling et al. 1995). The study 
will test the hypothesis that active helminth infections alter the humoral 
and cellular immune response to Plasmodium falciparum antigens. A 
global picture of both the antibody signature and the cytokine profiles 
will be obtained as well as the activation status of B Cells, T cells, 
monocytes and dendritic cells. Furthermore the role of regulatory T 
cells will be assessed by functional analysis, using Treg depletion 
strategies and comparison of immune responses to depleted and Treg 
containing cell fractions. 
Methods/design 
1. Study site 
The study has taken place in two distinct areas, the Bindo village and 
the Pk15 area, located in the Moyen-Ogooué province of Gabon, 
central Africa. Several lakes are present in this district and the 
temperature has an average of 27°C. The capital of the Moyen-Ogooué 
province is Lambaréné, a semi urban town of about 35.000 inhabitants 
surrounded by villages. Bindo and the Pk15 are respectively 60 and 15 
kilometers from Lambaréné (Figure 1) and they similarly present all the 
characteristics of a rural area.  
Bindo village is a relatively remote place with around 1000 inhabitants. 
It is located in the center of a palm tree plantation. The income is 
generated mainly from work at the palm plantation owned by a private 
company. Few inhabitants get their income from fishing activities and 
almost all of the population grows their own food. The water is 






village through a pipeline. The village has one nursery, one primary 
school and one small shop which sell manufactured products. 
 Figure 1: Map representing the localization of the study area (lower panel). The 
upper panel shows the emplacement of Gabon in Africa (in the left) and the 
localization of the Moyen Ogooué province in Gabon (in the right). 
In contrast to Bindo, the Pk15 area is closer to Lambaréné; it is 
stretched along a national single lane highway over a 30 km distance. 
The population is very mobile and due to the proximity to Lambaréné 
the source of the income is diverse although most of the inhabitants 
work in an industrial palm oil plantation and engage in agriculture and 
fishing activities for their subsistence. Four primary schools and two 
nurseries are present in the Pk15 area. The area has neither electricity 
nor tap water and drinkable water is taken from streams neighboring 
the houses. 
The streams both in the Pk15 area and Bindo represent the main source 
of drinking water. They are the sites for laundry and bathing but also 
represent important points for contact with S. haematobium which has 
been observed to be highly prevalent in these areas. Furthermore, 
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filarial infections are prevalent in these areas (Adegnika et al. 2010; 
Wildling et al. 1995). 
2. Study design, study population and ethical issues 
The study design is cross sectional, aiming to assess interaction 
between helminth and malaria infections. Ethical clearance was 
obtained from the regional ethic committee of Lambaréné (CERIL). 
Prior to enrolment, the protocol was explained to each participant or to 
their legal parent or guardian if they were under 18 years of age and a 
written informed consent was obtained. The study was preceded by a 
pilot phase so as to set up the study procedures and better characterize 
the study area and the study population. To be eligible for the study, 
subjects had to be between 5 and 50 years of age and living in the study 
area for at least one year. We did not include subjects with a 
hemoglobin level below 8 g/dl or with known HIV infection. In 
addition, intake of praziquantel less than one year prior to the study was 
also a non-inclusion criterion. 
3. Recruitment of participants, data and samples collection 
Local authorities and villagers were informed about the study through 
meetings and home visits. A parasitological laboratory was set up in the 
Bindo area by the study team in order to process the samples on time 
during the study. The relative proximity of the Pk15 area to Lambaréné 
meant that samples for parasitological diagnosis could be processed in 
the main laboratory in Lambaréné. 
After informing the communities, all the houses in both villages were 
identified and geographical coordinates were taken to allow mapping of 
the study area by global positioning system (GPS). Villagers were then 
visited at home by field workers. During these visits the study was 
explained in detail to the occupants, questions regarding the study were 
answered and people willing to participate and who were eligible were 
enrolled. 
Following the informed consent process a questionnaire was 
administered to each participant or their parents in case they were 






all eligible participants a clinical examination was performed to 
determine the presence of hepatomegaly and/or splenomegaly as well 
as other relevant health conditions, urine samples were obtained for 
detection of S. haematobium infection and blood was drawn for 
parasitological and immunological analysis as described in sections 
below. All the data collected during the study was on paper forms 
which were then entered into OpenClinical, clinical trial software for 
electronic data capture. 
4. Parasitological examination 
4.1. Detection of Schistosoma haematobium eggs 
Presence of S. haematobium eggs was detected microscopically in 10 
ml of fresh urine passed through a filter of 12-mm pore-size 
(Millipore). 
A subject was classified as free of infection if no S. haematobium egg 
was detected in three samples of urine collected in three consecutive 
days. Any subject with at least one S. haematobium egg found in the 
urine was classified as infected. 
4.2. Detection of Plasmodium spp. blood stage parasite 
Plasmodium spp. infection was assessed by microscopic examination. 
Presence of asexual form of the parasite will be determined using the 
Lambaréné method as described elsewhere (Kremsner et al. 1988; 
Planche et al. 2001). On the other hand presence of sexual form of the 
parasite will be established by the WHO method after a minimum count 
of 1000 white blood cells. 
Real time-PCR will be performed on DNA extracted from EDTA blood 
pellet kept frozen at minus 80°C. This will be done in addition to 
microscopy examination to increase the sensitivity of parasites 
detection. A detailed description of the procedure has been published 
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4.3. Detection of microfilaria in blood 
Microfilaria species in blood will be detected by leucoconcentration 
and microscopy using a modified Knott’s technique (Goldsmid 1970). 
One milliliter of blood will be collected in an EDTA tube and 
dispensed in an equal volume of 2% saponin lysing solution. After 
centrifugation the sediment will be transferred to a slide. The entire 
slide will be examined using a microscope and the number of 
microfilaria will be counted. Differentiation between Loa loa and 
Mansonela spp. will be based on the identification of the sheath of Loa 
loa after the addition of one drop of methylene blue to the slide. 
5. Immunological analysis 
For immunological assays blood will be drawn in the field from the 
participants and will be brought to the laboratory facilities within 6 
hours. In order to address the research questions immunological assays 
including antibody measurements by ELISA, whole blood culture 
assays, human peripheral mononuclear cells (PBMC) isolation and 
stimulations, cytokine production analysis by flow cytometry (through 
intracellular staining) and multiplex bead analysis (released cytokines 
in supernatants measured by luminex), and gene expression by 
multiplex analysis will be performed as described below. 
5.1. Humoral immunological assays 
We will measure total IgG specific to asexual and sexual forms of P. 
falciparum by ELISA as previously described (Ouédraogo et al. 2011). 
Antibody response to the apical membrane antigen 1 (AMA-1), 
merozoite surface protein 119 (MSP-119) and glutamate rich protein 
(GLURP) antigens will be used as a markers of cumulative exposure to 
P. falciparum. On the other hand total IgG to Pfs48/45 and Pfs230 will 
be measured to determine P. falciparum gametocyte carriage and 






5.2. Cellular immunological assays 
5.2.1. Media preparation 
For the immunological essays media will be prepared as described in 
below. 
RPMI-S1 medium: RPMI-1640 (Invitrogen, Breda, The Netherlands) 
supplemented with 100 U/ml penicillin (Astellas Pharma B.V.), 100 
μg/ml streptomycin (Sigma-Aldrich, Zwijndrecht, The Netherlands), 1 
mM pyruvate (Sigma-Aldrich, Zwijndrecht, The Netherlands) and 2 
mM L-glutamine (Sigma-Aldrich, Zwijndrecht, The Netherlands). 
RPMI-S2 medium: RPMI-1640 (Invitrogen, Breda, The Netherlands) 
supplemented with 20% Fetal Calf Serum (FCS, Greiner Bio-One, 
Alphen a/d Rijn, The Netherlands), , 100 U/ml penicillin and 100 μg/ml 
streptomycin 
RPMI-S3 medium: RPMI-1640 supplemented with 10% FCS, 100 
U/ml penicillin and 100 μg/ml streptomycin 
IMDM-S1 medium: IMDM (Invitrogen, Breda, The Netherlands) 
supplemented with 20% FCS, 100 U/ml penicillin, 100 μg/ml 
streptomycin, 1 mM pyruvate and 2 mM L-glutamine). 
IMDM-S2 medium: IMDM supplemented with 10% FCS,100 U/ml 
penicillin, 100 μg/ml streptomycin, 1 mM pyruvate and 2 mM L-
glutamine 
Freezing medium: RPMI-1640 + 20%FCS supplemented with 20% 
Dimethyl sulfoxide (DMSO, Merck KGaA, Darmstadt, Germany) 
FACS buffer: 500 ml PBS (Invitrogen, Breda, The Netherlands), 0.5% 
BSA (Roche Diagnostics GmbH, Mannheim, Germany), 2 mM EDTA 
(Sigma-Aldrich, Zwijndrecht, The Netherlands) and 2 ml of 0.5 M 
stock). 
FACS staining solution: FACS buffer with 1% human FcgR-binding 
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Permeabilization buffer: FACS buffer with 0.5% saponin (Sigma-
Aldrich, Zwijndrecht, The Netherlands) 
5.2.2. Whole blood culture 
Heparinized blood will be diluted in equal volume of RPMI-S1 
medium and cultured in 96 wells round bottom plates. Hundred micro 
liters of diluted blood will be distributed in each well and cultured with 
100 μl of RPMI-S1 medium and with one of the following stimuli: 
CPG (5 μg/ml, Cayla-Invivogene Europe, Toulouse, France ), LPS (100 
ngml, Cayla-Invivogene Europe, Toulouse, France), LPS + CPG, 
schistosoma eggs antigens (SEA, 10 μg/ml, prepared by the Leiden 
University Medical center, The Netherlands (LUMC)), adult worm 
antigen (AWA , 10 μg/ml, prepared by the Leiden University Medical 
center, The Netherlands (LUMC)), PAM3 (100 ng/ml, EMC 
Microcollection GmbH, Tübingen, Germany), FSL1 (100 ng/ml, Cayla-
Invivogene Europe, Toulouse, France), CLO97 (1 μg/ml, Cayla-
Invivogene Europe, Toulouse, France). After 24 hours incubation at 
37°C, supernatants will be collected, split into 2 tubes and kept at 
−20°C until further analysis. 
5.2.3. PBMC isolation 
For this assay, peripheral blood will be collected in sodium heparinized 
tubes (BD, Franklin Lakes, NJ, USA). PBMC will be isolated from 
blood by density gradient centrifugation on Ficoll (Apotheek AZL, 
Leiden, The Netherlands) as described earlier (Yazdanbakhsh et al. 
1993). We expect an average of 25 x 10
6
 PBMCs per donor, which will 
be used for the different assays planned, as follows in sections below. 
5.2.4. Cryopreservation of PBMC 
PBMC will be resuspended at the concentration of 10 x 10
6
 in a 
solution of RPMI-S2 without glutamax. An equal volume of a freezing 
medium will then be added to the cell suspension. Finally the total 
amount of cells will be split into cryovials. One milliliter of the cells 
suspension containing 5 x 10
6
 PBMC will be transferred in each 






overnight in a -80
o
 freezer and transferred into a liquid nitrogen 
containing tank the next day for long term storage. 
5.2.5. Thawing and resting of cryopreserved cells 
Cryovials will be collected from the Liquid nitrogen tank and defrosted 
in a 37
o
 C water bath. For each cryovial the cell suspension is 
transferred into a corresponding 50 ml conical tube. PBMC will then be 
washed two times with RPMI-S3 without glutamax and resuspended at 
the concentration of 0.5 to 2 x 10
6
 cells/ml in RPMI-S3 medium. 




5.2.6. PMA/Ionomycin stimulation of PBMC for intracellular 
cytokine measurement 
For this assay 3.5 x 10
6
 PBMC will be transferred to a 5 ml tube and 
washed with 2 ml of IMDM-S2 medium. The suspension will be spun 
for 5 minutes at 20°C, 1500 rpm. Supernatant will then be discarded 
and the cells will be resuspended in 300 μl of IMDM-S1. Hundred 
micro liter of the cells suspension (1x10
6
) will be cultured in 96 wells 
round bottom plate with PMA/Ionomycin (100 ng/ml and 1 μg/ml 
respectively, Sigma Aldrich), SEB (10 μg/ml, Sigma-Aldrich, 
Zwijndrecht, The Netherlands) or medium as negative control. After 2 
hours incubations at 37°C, 4 μg/ml of Brefeldin A (Sigma-Aldrich, 
Zwijndrecht, The Netherlands) will be added to each well and cells will 
be incubated for 4 additional hours at 37°C before fixation by 1.9% 
paraformaldehyde (PFA) fixative (Sigma-Aldrich, Zwijndrecht, The 
Netherlands). 
5.2.7. PBMC depletion of CD4+CD25high regulatory T cells 




 regulatory T cells (Treg) will 
aim to assess how Treg cell function is affected during helminth and 
malaria coinfection. Total and Treg cell-depleted PBMC will be 
stimulated by different antigens or mitogens and their response will be 
compared. A total of 12 X 10
6
 PBMC will be needed for this 











 regulatory T cells kit (Miltenyi Biotec GmBH, Bergisch 
Gladbach, Germany). As already described cells isolation will be done 
in a two-step procedure (Wammes et al. 2012). Briefly, CD4
+
 cells will 
be enriched by negative selection and then labeled with CD25
+
 




 regulatory T 
cells. It should be noted that both depleted and whole PBMC cell 
populations will undergo identical procedure involving the MACS 




 regulatory T cells 
will be added back (mock depletion). 
5.2.8. Proliferation assay of total and CD4+CD25high 
regulatory T cells depleted PBMC 
This assay will be performed using the green-fluorescent dye 
carboxyfluorescein succinimidyl ester (CFSE, Sigma-Aldrich, 
Zwijndrecht, The Netherlands) so as to follow cells proliferation (Quah 
et al. 2007). To load the cells with CFSE, total and depleted PBMC will 
be resuspended in PBS (Invitrogen, Breda, The Netherlands) at a 
concentration of 2 x 10
7
 cells/ml. CFSE will then be added at the 
concentration of 2 μM and cells will be incubated for 15 minutes at 
room temperature in the dark. After the incubation time, CFSE staining 
will be stopped by adding 4 ml of IMDM-S2 medium for 1 minute. 
Finally, cells will be spun down for 5 min 1800 rpm 20°C and the 
supernatant will be decanted. The loaded cells will then be ready for 
culture. 
5.2.9. Antigen stimulation of total and CD4+CD25high 
regulatory T cells depleted PBMC 
CFSE-labeled Treg cell-depleted and undepleted PBMC, will be 
cultured in a 96 wells round bottom plates. Cells will be seeded at the 
concentration of 4 X 10
5
 cells and cultured for 3 days with 100 μl of 
malaria infected red blood cells (iRBC; 1 x 10
6
 cells per well prepared 
by the Leiden University Medical center, The Netherlands (LUMC)), 
malaria uninfected red blood cells (uRBC; 1 x 10
6
 cells per well 
prepared by the Leiden University Medical center, The Netherlands), 
SEB (10 μg/ml), PPD (10 μg/ml, Statens Serum Institute, Denmark, 






supernatants will be collected and keep at −20°C for cytokine 
measurements by luminex or ELISA. In addition, cells will be 
harvested, fixed with 1,9% PFA for 15 min and stored at −80°C until 
further analysis for cell division detected by CSFE labeling using flow 
cytometry. 
5.3. Cytokine production analysis 
Cytokine production will be measured in the supernatants obtained, 




 regulatory T 
cells depleted PBMC and 24 hours of whole blood culture. Cytokine 
levels will be measured using the multiplex beads array immunoassay 
or ELISA according to standard procedure. A quantification of 
different cytokines will be done in two different panels to characterize 
the cytokine profile involved in innate immunity (IFNa2, IL1b, IL6, 
IL10, IL12p70, IL-13, IL-23, IFNg, MCP1, MIP1a, MIP1b, TNFa and 
IP-10) and adaptive immunity (TNF-a, IFN-g, IL-2, IL-4, IL-5, IL-13, 
IL-17A, IL-17 F, IL-22, IL-10, and IL-21) respectively. The multiplex 
beads kit will be obtained from Bio-Rad Laboratories and samples will 
be acquired on the Bio-Plex 200 system (Bio-Rad Laboratories) 
following the manufacturer recommendations. The most informative 
cytokines will be used for measurement of further samples. 
5.4. FACS analysis 
5.4.1. Cell surface marker staining 
Cells immunophenotyping will be performed by flow cytometry. Cells 
will be seeded at the concentration of 2 X 10
5
 to 4X 10
5
 cells per well 
in a 96 well FACS V-bottom plates and resuspended in FACS buffer. 
Extracellular staining of the cells will be done by a mixture of all the 
fluorescent labeled antibodies of interest prepared in a FACS staining 
solution at optimal working concentration. After centrifugation and 
discarding of FACS buffer, cells will be resuspended in 30 μl of the 
antibody solution and incubated for 30 minutes in the dark at 4 ° C. 
Following this step, 100 μl of FACS buffer will be added to each well, 
cells will be spun again and supernatant discarded. Finally the labeled 
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Acquisition will be performed on a FACS calibur flow cytometer 
(Becton Dickinson Biosciences BD) and data will be analysed by 
Flowjo software (Treestar Inc., Ashland, OR, USA). We will use 
different panels of fluorescently labeled antibodies and cluster various 
differentiation markers to be able to identify B cells, DCs, monocytes 
and different T cells subsets and other interesting cells of the immune 
system such as natural killer (NK) cells or γδ T cells that have recently 
been shown to be associated with immune response against malaria. 
5.4.2. Intracellular staining 
To allow the assessment of cell-specific cytokine production, 
intracellular cytokines in combination with various subset markers for 
dendritic cells (DCs), B cells, monocytes and/or (γδ) T cells will be 
labeled by fluorescent antibodies. Staining of intracellular cytokines 
will be performed by a two step procedure consisting of 
permeabilization and staining of the cells. For PFA fixed cells 
permeabilization will be performed using a permeabilization buffer. For 
intracellular staining of FoxP3, PBMC will be fixed and permeabilized 
by a FoxP3 fixation and permeabilization kit (eBioscience, San Diego, 
CA, USA). FACS staining will be done as described in the previous 
paragraph with one additional washing step with permeabilization 
buffer before adding the antibody mix. 
5.5. Innate gene profiling 
Gene profiling will be performed by Reverse Transcription Multiplex 
Ligation-dependent Probe Amplification (RT-MLPA) in a subset of the 
study participants. A volume of 2.5 ml of blood will be collected in a 
PAXgene Blood RNA tube (PreAnalytiX, Quiagen, Germany) per 
subject. Gene expression profiling of various pattern recognition 
receptors (PRRs) as well as several key cytokines and chemokines 
(CCL2; 5 and 22, CXCL13, IL-10, IL-12p40/35, IL-23p19) will be 
done as detailed previously (Joosten et al. 2012) to assess whether cells 







6. Analysis Plan 
The aim of this project is a) to determine how concurrent schistosome 
infections can affect malaria infections and malaria transmission 
intensity. Specifically we will assess how levels antibodies to asexual 
and gametocyte antigens, marker of gametocytogenesis are influenced 
by concurrent schistosome infection and b) to assess how general and 
malaria-specific immune responses are modified by concurrent 
schistosome infection. By general we mean responses to mitogens and 
activation status of immune cells. On the other hand by malaria 
specific-immune response we refer to cytokine production and 
activation in response to infected red blood cells. This study will 
address the following research questions: 
– What is the impact of S. haematobium infection on malaria 
transmission: how does it impact gametocyte carriage and humoral 
response to gametocytes? 
– What is the level of pro-inflammatory and anti-inflammatory 
cytokines during malaria and/or schistosome infection in response to 
stimuli that activate the innate and adaptive immune system? 
– Are the phenotype of T cells, B cells, DCs and monocytes different 
during malaria and/or schistosome infection in general, and in an 
antigen specific manner, in particular? 




regulatory T cells, 
as assessed by depletion on the immune response in case of malaria 
and/or schistosome infection? 
– Is the gene expression signature of the immune system altered during 
schistosoma and malaria coinfection? 
These questions will be answered by considering the two study 
outcomes represented first by the infectious status of participants and 
secondly by the immune response. For this cross sectional study, four 
groups will be compared; Plasmodium spp. and S. haematobium 
uninfected , Plasmodium spp. and S. haematobium coinfected, 
Plasmodium spp. only infected as well as S. haematobium only infected 
group. Baseline characteristics will be determined and differences of 
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7. Sample size calculation 
For detailed immunological studies the sample size calculation was 
based on the proportion of responders between infected versus 
uninfected participants (either malaria or schistosomiasis infection). 
Considering previous unpublished data we hypothesized that the 







 T cells will be 15% in the uninfected group and 
50% in the infected group necessitating a sample size of 28 subjects per 
group (power = 0.80 and p = 0.05). To correct for an estimated 10% 
failure rate in sample processing we included 31 subjects per group. 
This sample size will permit to measure other outcomes like difference 
in cytokine production with adequate power. For example the study 
will have a power of 0.7 to see an increase in IL10 responders from 30 
to 60%, which we expect from schistosomiasis carriers (Hartgers et al. 
2009; Meurs et al. 2011; van der Kleij et al. 2004). 
On the other hand the above calculated sample size only gives a power 
of 0.32 to detect an effect of helminth infection on antibody response to 
sexual or asexual stage antigens. Therefore we run an additional sample 
size calculation that was based on data gathered from an immuno 
epidemiological study conducted in a setting similar to our study site. 
From this study it appears that gametocyte antigens usually elicit a 
weaker antibody response than asexual stage antigens and that the 
percentage of IgG responders to Pfs48/45 and Pfs230 was around 22 to 
28% (Ouédraogo et al. 2011). Given the fact that we did not have data 
comparing antibody response specific to Pfs48/45 and Pfs230 between 
schistosoma infected and uninfected subjects, we hypothesize that 
helminth infection will lead to a maximum twofold change in antibody 
response to Pfs48/45 and Pfs230. Considering this we calculated that a 
sample size of 63 subjects per group (power = 0.90 and p = 0.05) would 
be adequate to answer our research question. Based on the literature it 
antibody response to sexual or asexual stage antigens may vary 
according to the age of the subjects. Hence as our study will include 







8.Results from pilot study 
Pilot studies have been conducted in the PK15 area and the Bindo 
village to characterize the study population and to set up the study 
procedure. All houses in both areas have been identified and their GPS 
coordinates recorded (Figure 2).  
Figure 2: Mapping of the PK15 area and the Bindo village. Each dot represents a 
single house. In the left panel the yellow dots indicate houses where Schistosoma 
haematobium infected subjects have been found during the screening phase. In the 
second panel the green dots represent houses not selected for the screening phase 
whereas the yellow and the red dots respectively represent houses where Schistosoma 
infected and uninfected subjects were living. 
To obtain demographic data and to establish the epidemiological 
feature of S. haematobium infection in the study area a random 
selection of houses has been screened to represent around 10% of the 
population. Typical to low income countries the age pyramid curve 
presented a broad base as shown in Figure 3. In both areas the age 
pyramids show that only few adults from 20 to 49 are living in the 
village. This could be due to the migration of young adults to big cities 
for work or for study purposes. In Bindo this is less apparent as 
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Figure 3: Age pyramids of the population of the Pk15 area and the Bindo village. 
Regarding the S. haematobium infection we found an overall 
prevalence of 43% in the PK15 area and 15% in Bindo village. This 
difference between the two areas could be explained by the fact that in 
the Pk15 area streams represent the first source of water compared to 
the Bindo village where public water pumps are available. As 
represented in the age prevalence curve, children were the most 
infected by S. haematobium and showed the highest infection intensity 
(Figures 4 and 5). 
 
Figure 4: Kernel density estimation of Schistosoma haematobium infection per age in 
the Pk15 area and the Bindo village. This estimation is based on results of a random 







Figure 5 Intensity of Schistosoma haematobium infection per age group in the 
different study area. Each dot represents the eggs count of a single subject. 
Conclusion 
Polyparasitism is usually described as common in tropical and sub 
tropical areas where the majority of the population is simultaneously 
exposed to various pathogens. Malaria and helminth coinfection is very 
common and it is important to understand their interaction. So far only 
few studies have been conducted on the interaction between these two 
pathogens and their effect on the human host in much detail. Moreover, 
the data generated so far provide contradictory results. At the 
immunological level, the data available has shown that chronic 
helminthiasis can modulate and impair immune responses specific to 
malaria antigens. It has been proposed that modulation may rely on two 
mechanisms. Firstly, through the skewing of cytokine production 
toward a Th2, which could alter the antibody isotypes and cellular 
responses generated against malaria parasites. Secondly, by the 
induction of regulatory cells which indue a hypo responsiveness milieu 
impairing the cellular response against Plasmodium. Despite this 
general assumption that helminth infections modulate malaria 
immunity, many questions need to be answered in great detail to 
understand and unequivocally establish whether there is an interaction 
between these two parasites. One of them concerns the effect of chronic 





 Treg cells and the control of other cytokine producing 
effector (T) cells. What is new in this study is the aim to unravel 
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cellular and molecular level, providing insight in innate immunity shifts 
that precede and dictate adaptive immune responses in single or co-
infected individuals. The identification of malaria responsive cell 
subsets is needed; the contribution of DCs, monocytes, CD4 or CD8 T 
cells, γδ T cells or NK cells to malaria antigen-specific responses and 
the influence of helminth infections on these subsets will be studied. 
These studies will shed light on the possible interaction between 
schistosome and malaria parasites and pave the way for future 
interventional studies. 
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Antibody responses are thought to play an important role in control of 
Schistosoma infections, yet little is known about the phenotype and 
function of B cells in human schistosomiasis. We set out to characterize B 
cell subsets and B cell responses to B cell receptor and Toll-like receptor 9 
stimulation in Gabonese schoolchildren with Schistosoma haematobium 
infection. Frequencies of memory B cell (MBC) subsets were increased, 
whereas naive B cell frequencies were reduced in the schistosome-infected 
group. At the functional level, isolated B cells from schistosome-infected 
children showed higher expression of the activation marker CD23 upon 
stimulation, but lower proliferation and TNF-α production. Importantly, 6-
months after 3 rounds of praziquantel treatment, frequencies of naive B 
cells were increased, MBC frequencies were decreased and with the 
exception of TNF-α production, B cell responsiveness was restored to what 
was seen in uninfected children. These data show that S. haematobium 
infection leads to significant changes in the B cell compartment, both at the 
phenotypic and functional level. 
AUTHOR SUMMARY 
Schistosomiasis affects over 200 million people and especially children 
in developing countries. It causes general hyporesponsiveness of the 
immune system, which until now has predominantly been described for 
various T cell subsets as well as dendritic cells. B cells in this context 
have not yet been investigated. To address this question we phenotyped 
B cell subsets present in peripheral blood from S. haematobium 
infected and uninfected schoolchildren living in an endemic area in 
Lambaréné, Gabon. Children with schistosomiasis had an increased 
frequency of various memory B cell subsets, including subsets 
associated with B cell exhaustion, and a concomitant decrease in naive 
B cells. To study the effect of Schistosoma infection on B cells in more 
detail we isolated peripheral blood B cells and found that B cells from 
infected children had a reduced capacity to proliferate and produce 
TNF-α in response to both B cell receptor and Toll-like receptor 
stimulation. These results provide new insights into the role of B cells 
in the host immune response to schistosomiasis and may provide a 









Schistosomiasis is a major parasitic disease of humans in the 
developing world, with over 200 million people infected worldwide [1]. 
As with other chronic helminth infections, schistosomes cause 
widespread immune activation and deregulation leading to general T 
cell hyporesponsiveness supporting the long term survival of the 
parasite and minimizing immunopathology [2–4]. Resistance to 
schistosomiasis is only gradually acquired and is attributed to 
cumulative exposure to infection [5,6]. Mice vaccination experiments 
with radiation-attenuated S. mansoni cercariae showed less protection 
against re-infection in µMT B cell-deficient mice than in wild-type 
mice [7], and the transfer of serum from infected rodents to naive 
animals can protect against infection [8,9], suggesting that antibodies 
are important for protection against infection. In human infection, 
protective IgA, IgE and IgG levels have been demonstrated against 
adult worm antigens [10,11], and resistance to (re-) infection is 
correlated with an increased ratio between IgE and IgG4 [12]. 
Furthermore, expression of CD23, the low affinity IgE receptor which 
can be strongly up-regulated by IL-4 [13], is also correlated with 
development of resistance to Schistosoma re-infection [14,15]. While B 
lymphocytes support the establishment of the strong Th2 profile 
associated with helminth infections [16], more recently they have also 
been shown to play an active regulatory role in the course of 
Schistosoma infections [17] mostly effecting T cell responses.  
In general, immunological memory is characterized by its ability to 
respond more rapidly and robustly to re-infection and is dependent on 
the generation and maintenance of memory B cells (MBCs) [18]. 
Memory B cells, originally defined as CD27
+ [19], can be further 
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. Recent studies have shown that chronic HIV 






falciparum malaria [23,24] are associated with the expansion of 




). These cells are 
characterized by high expression of the inhibitory receptor FCRL4 
[25,26], and it has been suggested that this population may contribute to 
diminished pathogen-specific antibody responses in infected 
individuals. Other chronic infections such as hepatitis C virus (HCV) 
[27] have also shown perturbations in the distribution of peripheral B 
cells subsets, most notably within the memory B cell compartment 
suggesting that MBCs may play a role in disease pathogenesis as well 
as insufficient immune response to combat the disease. 
Ligation of the B cell receptor (BCR) by its cognate antigen leads to the 
production of antibodies and, depending on the cytokines produced by 
Th cells, to further antibody isotype switching and affinity maturation. 
B cells can also express a variety of innate receptors, most notably 
Toll-like receptors (TLRs), and can play a significant role in innate 
immune responses as B cells upregulate activation markers, proliferate 
and secrete cytokines upon engagement of these receptors [28,29]. 
Importantly, TLR stimulation can also potentiate the T cell-dependent 
production of antibodies [30,31]. TLR9 is highly expressed in human B 
cells and is ligated by bacterial DNA motifs containing unmethylated 
CpG dinucleotides. Previous studies have clearly demonstrated that 
TLR9 stimulation is sufficient to directly induce both naive and 
memory B cell proliferation and activation [32,33]. In addition, the role 
of B cells in innate immune responses has gained further interest as 
several studies have demonstrated a pathogenic role for B cells 
independent of their ability to produce antibodies. For example, 
systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) are 
associated with abnormally increased pro-inflammatory cytokine 
production by B cells, including TNF-α. Importantly TNF-α [34], along 
with more recently IL-17 [35], is also one of the key cytokines involved 
in schistosome-induced pathology [36,37]. 
Currently there is little information on the composition of the 
peripheral blood B cell compartment or the concomitant adaptive and 
innate functionality of B cells during the course of human Schistosoma 
haematobium infection. In this study, we compared the circulating B 
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Gabonese schoolchildren and their B cell response to BCR and TLR 
engagement.  
MATERIALS AND METHODS 
Study population 
In April 2008 we initiated a study to investigate the effect of S. 
haematobium infection on B cell phenotype and function. Venous 
heparinized blood was obtained from 56 school-aged children living in 
Lambaréné (Gabon), a semi-urban municipality or from its surrounding 
villages in which Schistosoma haematobium infection is endemic and 
has been previously described in detail [17,38,39]. S. haematobium 
infection was determined prior to blood collection by examining a 
filtrate of 10 ml of urine passed through a 12-µm-poresize filter 
(Millipore). Children were classified S. haematobium-infected if at 
least one S. haematobium egg was detected in the urine, or uninfected if 
three consecutive urine samples were negative. Infections with 
intestinal helminths Ascaris lumbricoides and Trichuris trichiura were 
determined by analyzing one fresh stool sample using the Kato-Katz 
method [40]. Hookworm larvae were determined in a 7-day 
coproculture of the same stool sample [41]. Infection with Plasmodium 
falciparum was determined by Giemsa-stained thick blood smears [42]. 
After collection of blood samples, all S. haematobium-infected children 
were treated with a single dose of praziquantel (40 mg/kg) three times 
every two months. Intestinal helminth- and malaria-infected children 
received respectively a single dose of albendazole (400 mg) and an 
artemisinin-based combination therapy as per the local guidelines. The 
study was approved by the “Comité d’Ethique Regional Independent de 
Lambaréné” (CERIL; N°06/08). Written informed consent was 
obtained from parents or legal guardians of all schoolchildren 
participating in the study. 
Cell isolation 
PBMCs were isolated by Ficoll-Hypaque density gradient 
centrifugation from 20 ml of heparinized blood. B cells were isolated 
with anti-CD19 MicroBeads (Miltenyi Biotec). The isolated B cells 







Plasma samples were analyzed using the Bio-Plex Pro Assays 
Immunoglobulin Isotyping Kit (Bio-Rad) for total IgM, IgG1, IgG2, 
IgG3, IgG4 and IgA levels according to manufacturers’ 
recommendations. Levels of total IgE were measured by ELISA 
according to manufacturers’ instructions (Allergopharma).  
 
B cell stimulation, staining of CD23 and intracellular TNF-α and 
Ki-67 
Freshly isolated B cells were cultured in RPMI 1640 medium 
(Invitrogen) supplemented with 10% FCS (Greiner Bio-One), 100 U/ml 
penicillin (Astellas), 10 µg/ml streptomycin, 1 mM pyruvate and 2 mM 
L-glutamine (all from Sigma). B cells were seeded at 1 x 10
5
 cells per 
well and stimulated for 48 hours with 2.5 µg/ml anti-human IgG + IgM 
(Jackson ImmunoResearch), 5 µg/ml CpG ODN 2006 (Invivogen) or 
anti-IgG/IgM + CpG. To detect intracellular TNF-α, B cells were 
restimulated with 50 ng/ml PMA (Sigma-Aldrich), 2 µg/ml ionomycin 
(Sigma-Aldrich), and 100 ng/ml ultrapure LPS (Invivogen) for 6 hours 
with the final 4 hours in the presence of 10 µg/ml brefeldin A (Sigma-
Aldrich), followed by fixation with the FoxP3 fixation/permeabilization 
kit (eBioscience) and frozen in RPMI supplemented with 20% FCS and 
10% DMSO (Merck) and stored at -80ºC until FACS analysis. After 
thawing, cells were permeabilized (Permeabilization buffer, 
eBioscience) and labeled with surface anti-CD10-PerCP/eF710 (SN5c, 
eBioscience), anti-CD20-APC/eF780 (2H7, eBioscience), anti-CD21-
FITC (LT21, BioLegend), anti-CD23-PE/Cy7 (EBVCS2, eBioscience), 
anti-CD27-APC (L128, BD Biosciences), and intracellular anti-Ki-67-
eF450 (20Raj1, eBioscience) and anti-TNF-α-biotin (MAB11, 
eBioscience) followed by second incubation with streptavidin-Qdot525 
(Invitrogen). 
Characterization of B cells in peripheral blood 
For immunophenotyping freshly isolated PBMCs were fixed in 2.4% 
formaldehyde (Sigma-Aldrich) for 15 minutes at room temperature and, 
subsequently, frozen in RPMI 1640 medium  supplemented with 20% 
FCS and 10% DMSO and stored at -80ºC until FACS analysis. After 
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PB (HIB19, eBioscience), anti-CD21-FITC (LT21, BioLegend), anti-
CD27-APC (L128, BD Biosciences), anti-CD27-APC/eF780 (O323, 
eBioscience), anti-HLA-DR-APC/Cy7 (L243, BioLegend) and anti-
IgD-biotin (IA6-2, BD Biosciences) followed by second incubation 
with streptavidin-Qdot525 (Invitrogen). Anti-FCRL4-biotin was kindly 
provided by M. Cooper (Emory University School of Medicine, 
Atlanta, GA, USA). Alternatively, cells were stained with anti-CD19-
BV510 (HIB19, BioLegend), anti-IgA-FITC, anti-IgA-PE (both IS11-
8E10, Miltenyi Biotec), anti-CD21-PE/Cy7 (LT21), anti-CD23-APC 
(EDVCS5), anti-CD27-PerCP/Cy5.5 (L128), anti-CD38-APC/Cy7 
(HB7), anti-IgD-PE/CF594 (IA6-2), anti-IgG-PE (G18-145) and anti-
IgM-V450 (G20-127) (all from BD Biosciences). Cells were acquired 
on FACSCanto II and LSR Fortessa flow cytometers (both from BD 
Biosciences). 
Statistical analysis 
Differences between study groups were tested using Fisher’s exact test 
for gender and co-infections and by Mann-Whitney U test for 
Schistosoma infection intensity. Age was normally distributed and 
differences between infection groups were tested using the independent 
student’s T test. Serological and cellular differences between infection 
groups were tested by the Mann-Whitney U test. Differences within the 
same group between baseline and follow-up were compared by 
Wilcoxon matched pairs test. P-values less than 0.05 were considered 
significant and less than 0.1 a trend. *** p< 0.001, ** p< 0.01, * p< 
0.05 and # p< 0.1. 
RESULTS  
Study population characteristics 
We recruited S. haematobium-infected (N = 29) and -uninfected (N = 
27) schoolchildren (8-16 years old) for phenotypic B cell analysis. 
From these, we selected 10 from each group for more extensive 
immunological analyses and performed follow-up studies six months 
later on 7 infected children treated with 3 rounds of praziquantel and 8 
uninfected children. Following treatment all S. haematobium-infected 
children were infection free. As described in Table 1, there were no 






infection intensity of other parasitic infections such as P. falciparum, A. 
lumbricoides, T. trichiura or hookworm. Furthermore, age and gender 
were comparable between the two groups.  
Table 1: Characteristics of the study population.  





N 29 27  
Age in years (mean 
(SD)) 
11.36 (2.46) 11.7 (1.82) 0.887
*
 
Male/female 18/11 14/13 0.590
#
 
Egg counts (median 
(range)) 
11 (1-1000) 0 0.000
^
 
Co-infections    










    Trichuris trichiura 6/23 10/23 0.353
#
 
    Hookworm 3/23 1/20 0.610
#
 
Co-infections are depicted as number of participants infected out of total number of participants 
tested. * independent student’s T test; # Fisher’s exact test; ^ Mann-Whitney U test. 
Serum immunoglobulin levels 
In schistosomiasis, resistance is acquired slowly and it is not clear how 
the B cell compartment and B cell function are affected. To gain insight 
into global B cell function during S. haematobium infection we studied 
immunoglobulin isotypes and IgG subclasses in serum. Consistent with 
previously published data [43], IgG4 levels were increased in S. 
haematobium-infected compared to uninfected children and were 
significantly reduced following praziquantel treatment (Figure 1). No 
significant differences were observed in serum IgM, IgG1, IgG2, IgG3, 









Figure 1. Serum immunoglobulin analysis. Serum samples were analyzed 
for total human IgM, IgG1, IgG2, IgG3, IgG4, IgA by Luminex and IgE by 
ELISA. Bars represent median with interquartile range. Number of donors in 
each group: baseline S.h. –ve n = 9, baseline S.h. +ve n = 10, follow-up S.h. –
ve n = 8 and follow-up S.h. +ve n = 7. 
 
B cell inflammatory cytokine response, activation and proliferation 
To address whether B cell function was altered during Schistosoma 
infection, we measured in vitro cytokine responses, proliferation and 
activation markers of peripheral blood B cells in response to BCR (anti-
IgG/IgM) and TLR9 (CpG) signaling by flow cytometry in uninfected 
and infected children. We first focused on responses in uninfected 
children. Intracellular production of the pro-inflammatory cytokine 
TNF-α and expression of surface CD23, an indicator of TLR activation 
[44], were significantly induced by BCR and TLR9 engagement; dual 
receptor engagement did not further increase these levels (Figure 2A, B 
and S1A, B). Intracellular Ki-67, a marker of proliferation, was not 
induced by BCR stimulation alone, but was increased following CpG 
stimulation, and as expected [45], dual BCR and TLR engagement was 
required for optimal B cell proliferation (Figure 2C and S1C). 
Frequencies of unstimulated B cells that produced TNF-α, expressed 
CD23 or were positive for Ki-67 did not differ between infected and 
uninfected children. As TNF-α production and CD23 expression levels 
were highest following CpG stimulation, with no significant 
enhancement when combined with anti-IgG/IgM co-stimulation, we 
focused on CpG stimulations for comparison between infected and 
uninfected children. TNF-α-producing B cell frequencies were 






children (Figure 2D), and this was not upregulated upon treatment. In 
contrast, CD23-expressing B cell frequencies were significantly 
elevated (Figure 2E) and Ki-67
+
 B cells significantly reduced (Figure 
2F) in the infected children; both were restored following praziquantel 
treatment to levels observed in the uninfected children.  
Figure 2. B cell inflammatory cytokine response, activation and 
proliferation. Total peripheral blood B cells were cultured with anti-IgG/IgM 
(2.5 μg/ml), CpG (5 μg/ml) or anti-IgG/IgM plus CpG for two days, 
restimulated with PMA/Ionomycin/LPS and BrefA and fixed. Levels of 
intracellular TNF-α (A), CD23 expression (B) and intracellular Ki-67 (C) 
were measured in S. haematobium-uninfected children by flow cytometry. 
Levels of intracellular TNF-α (D), CD23 expression (E) and intracellular Ki-
67 (F) following CpG stimulation in infected and uninfected children at 
baseline and follow-up. Horizontal bars represent median. Number of donors 
in each group: baseline S.h. –ve n = 10, baseline S.h. +ve n = 9, follow-up S.h. 
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Baseline frequencies of CD23
+
 B cells in ex-vivo PBMCs did not differ 
between schistosome-infected children and healthy controls, 33.9% 
versus 40.6% respectively (p = 0.932; data not shown). Taken together, 
these data suggest that Schistosoma infection leads to alterations in B 
cell responses, and that some of these changes are long lasting and 
persist at least six months after removal of infection. 
B cell subpopulation analysis 
To further explore schistosome-induced alterations in the B cell 
compartment, we next compared circulating B cell subsets in peripheral 
blood between infected and uninfected children by flow cytometry. No 
statistically significant differences in the proportion of total peripheral 
B cells were found between schistosome-infected children and healthy 
controls, 15.2% versus 13.7% respectively (p = 0.776). Four distinct 
CD19
+
 B cell subsets can be distinguished by additional expression of 
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The proportion of switched MBCs (Figure 3B) and double negative 
MBCs (Figure 3D) was significantly increased in schistosome-infected 
children and these levels were significantly reduced to levels 
comparable to the uninfected control group following treatment. 
Concomitantly there was a trend toward a lower percentage of naive B 
cells (p = 0.062) (Figure 3E) in schistosome-infected children and 
following treatment the level of naive B cells was significantly 
increased. No differences were observed in the levels of non-switched 
MBCs (Figure 3C). Interestingly, we noted a positive correlation 
between total serum IgG4 levels and the percentage of switched MBCs 
(Spearman r = 0.407, p < 0.05) as well as a trend with DN MBCs 
(Spearman r = 0.330, p = 0.056) and a negative correlation with naive 








Figure 3. MBC analysis. PBMC were fixed and stained with B cell 
phenotyping markers (CD19, CD27 and IgD) and analyzed for B cell subsets 
by flow cytometry. B cell subset analysis was performed as shown in (A) 
(representative S. haematobium-uninfected child). Proportion of CD19-gated 

















 (E, naive B 
cells) were determined for S. haematobium-infected and uninfected children at 
baseline and follow-up. (B, C, D, E) Horizontal bars represent median. 
Number of donors in each group: baseline S.h. –ve n = 19, baseline S.h. +ve n 





Effect of schistosomiasis on Human B cells 
 
3 
To further investigate immunoglobulin expression on B cells we 
evaluated an additional 8 schistosome-infected children and 8 endemic 
controls with an antibody panel that included a brighter CD27 antibody 
(Figure S2A). We found similar differences with respect to an increase 
in the DN MBCs (Figure S2D) and a decrease in naive B cells (Figure 
S2E) in schistosome-infected children. Although the switched MBCs 
(Figure S2B) did not differ significantly in this cohort, when grouped 
with the original data (from Figure 3) the overall comparison remained 
significant. We first evaluated immunoglobulin levels on CD27
+
 B cells 
[46] and found no differences in the proportion of non-switched IgM+ 
MBCs (Figure 4A), or switched IgA
+
 (Figure 4B) and IgG
+
 (Figure 4C) 
MBCs between schistosome-infected and -uninfected children. We next 





) and while there were no differences in the proportion of 
either IgM
+
 (Figure 4D) or IgA
+
 (Figure 4E) DN MBCs, the proportion 
of IgG
+
 DN MBCs was significantly increased in schistosome-infected 
children (Figure 4F). The majority of the DN MBCs were class-
switched (median, 53.7%) with only 8.7% IgM
+
 cells, which may 
potentially be a mixture of naive and non-switched MBCs, confirming 
their status as memory B cells. Similar differences in immunoglobulin 
expression were observed on atypical MBCs (data not shown).  
In addition to the classical characterization of the memory B cell 
subsets, co-staining of CD27 and CD21 [21] can be performed to 

















). The proportion 
of activated MBCs (Figure 5B) was significantly increased and there 
was a trend toward a higher percentage of atypical MBCs (p = 0.058) 
(Figure 5D) in peripheral blood of schistosome-infected children and 
levels of both were significantly reduced following clearance of 
infection. Similarly the level of naive B cells was significantly 
increased (Figure 5E) following treatment, while no differences were 
found in the proportion of classical MBCs either between the groups or 
at different time points (Figure 5C). While CD10, a marker of 
immature and germinal center B cells, was not included in these panels 
separate analysis showed the level of immature and germinal center B 






between schistosome-infected and -uninfected children, 2.7% and 2.8% 
respectively (p = 0.798). 
 
Figure 4. Expression of IgM, IgA and IgG on CD27
+
 and DN MBCs. 
PBMC were fixed and expression of IgM, IgA and IgG on CD27
+
 B cells was 

















 (C) were determined 
for S. haematobium-infected and uninfected children at baseline. For 
immunoglobulin expression on DN MBCs, PBMC were fixed and stained 
with B cell subset markers (CD19, IgD and CD27) and DN MBCs measured 











 (E) and IgG
+
 (F) were determined for S. 
haematobium-infected and uninfected children at baseline. Horizontal bars 
represent median. Number of donors in each group: S.h. –ve n = 8 and S.h. 
+ve n = 7. 




), we determined 
the expression levels of HLA-DR and FCRL4, a cell surface marker 
that is characteristic for exhausted MBCs. In line with previous reports 











Figure 5. Atypical MBC analysis. PBMC were fixed and stained with B cell 
phenotyping markers (CD19, CD21 and CD27) and analyzed for B cell 
subsets by flow cytometry. B cell subset analysis was performed as shown in 
(A) (representative S. haematobium-uninfected child). Proportion of CD19-

















 (E, naive 
B cells) were determined for S. haematobium-infected and uninfected children 
at baseline and follow-up. (B, C, D, E) Horizontal bars represent median. 
Number of donors in each group: baseline S.h. –ve n = 19, baseline S.h. +ve n 
















) in uninfected children (Figure S3A). Furthermore, 
HLA-DR expression was significantly higher on atypical MBCs and 
naive B cells as compared to classical MBCs (Figure S3B). Both 
markers were not differentially expressed between B cell subsets of 
uninfected and infected children (data not shown). Taken together, 
these data show that Schistosoma infection leads to changes in the 
distribution of peripheral B cell subsets and that praziquantel treatment 
leads to a reduction of various memory B cell subsets and an increase 
of naive B cells. 
B cell subset inflammatory cytokine response, activation and 
proliferation 
To investigate whether changes in TNF-α, Ki-67 and CD23 observed in 
total B cells were attributed to specific B cell subsets, we extended our 
flow cytometry analysis to include the various B cell subsets defined by 
CD21 and CD27 expression, first gating on CD10
-
 B cells. Isolated B 
cells were stimulated with anti-IgG/IgM, CpG or a combination of the 
two and stained for the expression of intracellular TNF-α and Ki-67 
and surface CD23. We found that CpG stimulation alone or in 
combination with anti-IgG/IgM resulted in significant loss of CD27 
expression (data not shown); as a result it was no longer possible to 
differentiate the four B cell subpopulations with the same criteria as in 
Figure 5A. We therefore focused on anti-IgG/IgM-stimulated cells, as 
here we could still distinguish the four B cell populations and analyzed 
the responses of the various B cell subsets in uninfected children. We 
found very high frequencies of TNF-α-producing activated MBCs, 
followed by classical MBCs and atypical MBCs and observed the 
lowest frequencies among naive B cells (Figure 6A). When comparing 
the various B cell subsets for their ability to respond to BCR 
engagement between infected and uninfected children, we observed 
significantly less TNF-α
+
 activated MBCs (Figure 6B) and classical 
MBCs (Figure 6C) and a trend for lower levels in the naive B cells and 
atypical MBCs in the infected children (data not shown). These data 
reflect the reduced TNF-α production in the total B cell population 
observed earlier (Figure 2A), and likewise the levels of TNF-α 
following treatment were not restored to levels observed in the 
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point at a reduced capacity of B cells from infected children to produce 
TNF-α in response to anti-IgG/IgM stimulation which extends to all B 
cell subsets studied. While classical MBCs had higher frequencies of 
CD23 and Ki-67 expressing cells, no differences were observed 
between infected and uninfected children for any of the subsets or upon 
treatment.  
 
Figure 6. B cell subset inflammatory cytokine response, activation 
and proliferation. Total peripheral blood B cells were cultured with anti-
IgG/IgM (2.5 μg/ml) for two days, restimulated with PMA/Ionomycin/LPS 
and BrefA, fixed and stained with B cell subset markers (CD10, CD19, CD21 
and CD27) and levels of intracellular TNF-α was measured in S. 
haematobium-uninfected children by flow cytometry (A). Levels of 
intracellular TNF-α in activated MBCs (B) and classical MBCs (C) in infected 
and uninfected children at baseline and follow-up. Horizontal bars represent 
median. Number of donors in each group: baseline S.h. –ve n = 10, baseline 








Although many studies have investigated the types and frequencies of 
various immune cell subsets, including T cells and DCs [47–49], little 
is known about the human B cell compartment during the course of S. 
haematobium infection. In the present study, we have analyzed innate 
and antibody-driving pathways in total B cells and different peripheral 
B cell subsets and compared their responses between infected and 
uninfected Gabonese schoolchildren. We found that S. haematobium 
infection leads to changes in B cell function as well as alterations of the 
total B cell compartment and these changes are not restricted to a single 
B cell population.  
When evaluating B cell functionality, we found significantly lower 
frequencies of TNF-α-producing and Ki-67
+
 proliferating B cells in S. 
haematobium-infected children (Figure 2D and F). Interestingly, Ki-67
+
 
B cell frequencies were restored to levels comparable to uninfected 
children following anti-schistosome treatment (Figure 2F), but TNF-α 
levels remained significantly lower (Figure 2D). The downregulation of 
TNF-α and B cell proliferation in S. haematobium positive children 
may be a result of immunomodulation induced by the parasite to 
prolong its survival. This would be in line with studies showing that 
TNF-α might play an important role in immunity to helminths: TNF-α 
production by B cells was necessary for sustained antibody production 
and establishment of protective immunity to Heligmosomoides 
polygyrus [50]. Moreover, B-cell derived TNF-α has been shown to 
enhance IFN-γ production by T cells in Toxoplasma gondii-infected 
mice [51] and it is thought that an effective Th1 response is key to 
natural acquisition of resistance against Schistosoma infection [12,52]. 
Therefore, it is tempting to suggest that the long lasting reduction in B 
cell capacity to produce TNF-α, as demonstrated post-treatment, may in 
part contribute to the slow development of resistance to Schistosoma 
infection, although presence of other unknown concomitant viral or 
fungal infections may also play a role.  
In the current study we analyzed CD23 as a TLR activation marker on 
B cells, however CD23 is also correlated with the development of 
resistance to Schistosoma infection [14]. Furthermore, cross-linking of 
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increased IgE production [53,54]. Repeated rounds of treatment and S. 
mansoni re-infection led to a gradual increase in CD23 expression and 
resistance in a cohort of Kenyan children [15]. This seems partly in 
contrast to our results, as the elevated CD23 levels in infected children 
are reduced after treatment. However in the Kenyan cohort levels of 
CD23 expression were evaluated in fresh whole blood samples while 
here we measured CD23 expression on stimulated B cells as a marker 
of B cell activation. Baseline levels of CD23 expression on ex-vivo 
PBMCs in our population did not differ, however CD23 levels 
following treatment were not measured. It would therefore be of 
interest to measure the dynamics of CD23 expression in our population 
longitudinally following multiple rounds of treatment. 
Perturbations in the frequency of various B cell subsets have been 
demonstrated in a number of disease states [34] and here we found an 
increase in the switched MBCs, the double negative MBCs and 
activated MBCs, as well as a trend toward a higher percentage of 
atypical MBCs and a concomitant decrease of naive B cells in 
schistosome-infected children. All populations were restored to levels 
observed in uninfected children following treatment. It is unclear 
whether the increase in naive B cells following treatment is due to de 
novo generation of B cells from the bone marrow, expansion of the pre-
existing naive B cell population or results from a decrease in the levels 
of the other subsets.  
It has been shown that in HIV- [21] and malaria-infected individuals 
[23,24] an exhausted/atypical memory B cell population (CD27-CD21-
), was greatly expanded and that these cells were hyporesponsive and 
had a decreased ability to differentiate into antibody secreting cells, 
contributing to the diminished pathogen-specific antibody responses in 





) MBCs, which are increased in SLE, might be 
exhausted/terminally differentiated memory B cells [55,56]. In chronic 
S. haematobium infection we similarly see an expansion of both double 
negative and atypical MBCs. The overlap between these two MBC 
subpopulations, their capacity to produce schistosome-specific 
antibodies or the exact characteristics of their ‘exhausted’ state are 






Nevertheless it is interesting to note that schistosome-infected children 
carry higher frequencies of IgG
+





compared to uninfected children, whereas no differences are observed 




 DN MBCs (Figure 4). Similarly, no 
differences were observed in total serum IgM, IgA nor IgG1, IgG2 and 
IgG3, whereas significant differences were only observed in IgG4 
(Figure 1). Interestingly, serum levels of IgG4 were significantly 
decreased following treatment and correlated with a concomitant 
decrease in the frequency of the DN MBCs, suggesting that the 
increase in IgG
+
 DN MBCs may be predominantly due to an increase in 
IgG4-expressing B cells. As IgG4 is associated with susceptibility and 
IgE with resistance to Schistosoma infection, it would be of interest to 
study these isotypes on the different memory B cell populations in 
exposed but resistant individuals. These studies could shed further light 
on the various ways in which S. haematobium infection modulates the 
immune response providing further information for the design of an 
effective vaccine. 
Although the function of double negative and atypical MBCs is not yet 
clear in the context of Schistosoma infection, it is tempting to speculate 
that these may be expanded as a result of the chronic nature and strong 
immunomodulation of S. haematobium infection. These memory B 
cells may limit the associated pathology while at the same time limiting 
the effectiveness of the immune response against the parasite. Indeed, a 
protective role against malaria infection has been proposed for atypical 
MBCs through regulation of the host’s immune response [23,24]. This 
parallels FCRL4
+
 tissue-like MBCs in lymphoid tissue, which may 
protect against invading pathogens directly or indirectly through the 
secretion of cytokines and their influence on other immune cell types 
[25,26]. A recent study has highlighted the dual nature of B cells in 
immune responses demonstrating that the same B cells may play both a 
regulatory (IL-10) or pathogenic (IL-6) role depending on the signals 
received [57]. It would be of interest to investigate concomitantly the 
production of both IL-6 and IL-10 by the various MBC subsets and 
naive B cells to see the balance between pro- and anti-inflammatory B 
cell responses during Schistosoma infection. 
As demonstrated above S. haematobium infection leads to significant 
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compartment in peripheral blood of infected children as compared to 
healthy controls. Further studies are needed to define whether these 
changes in the frequency of the various subsets have functional 
consequences and what their role is in the immune response against S. 
haematobium. 
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SUPPORTING INFORMATION LEGENDS 
 
 
Supplementary Figure 1. Gating strategy for B cell inflammatory 
cytokine response, activation and proliferation.  
Total peripheral blood B cells were cultured with anti-IgG/IgM (2.5 μg/ml), CpG (5 
μg/ml) or anti-IgG/IgM plus CpG for two days, restimulated with 
PMA/Ionomycin/LPS and BrefA and fixed. Levels of intracellular TNF-α (A), 
CD23 expression (B) and intracellular Ki-67 (C) were gated according to the gating 










Supplementary Figure 2. MBC analysis. 
PBMC were fixed and stained with B cell phenotyping markers (CD19, CD27 and 
IgD) and analyzed for B cell subsets by flow cytometry. B cell subset analysis was 
performed as shown in (A) (representative S. haematobium-uninfected child). 


















 (E, naive B cells) were determined for S. haematobium-infected and 
uninfected children at baseline. (B, C, D, E) Horizontal bars represent median. 








Supplementary Figure 3. Expression of FCRL4 and HLA-DR on 
B cell subpopulations. 
PBMC were fixed and stained with B cell subset markers (CD19, 
CD21 and CD27) and measured for FCRL4 (A) and HLA-DR (B) 
expression in S. haematobium-uninfected children by flow cytometry. 
Histograms of MFI underneath are from a representative child. 






Associations between helminth infections, Plasmodium falciparum 
parasite carriage and antibody responses to sexual and asexual 
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Infections with helminths and Plasmodium spp. overlap in their 
geographical distribution. It has been postulated that helminth infections 
may influence malaria transmission by altering P. falciparum 
gametocytogenesis. This cross-sectional study assessed the effect of 
helminth infections on P. falciparum gametocyte carriage and on humoral 
immune responses to sexual stage antigens in Gabon.  Schistosoma 
haematobium and filarial infections as well as Plasmodium falciparum 
asexual forms and gametocyte carriage were determined. The antibody 
responses measured were to sexual (Pfs230, Pfs48/45) and asexual P. 
falciparum antigens (AMA1, MSP1, GLURP).    
 
A total of 287 subjects were included. The prevalence of microscopically 
detectable P. falciparum asexual parasites was higher in S. haematobium 
infected subjects in comparison to their uninfected counterparts (47% vs 
26% p =0.003), but this was not different when filarial infections were 
considered. P. falciparum gametocyte carriage was similar between 
schistosoma or filaria infected versus uninfected subjects. We observed a 
significant decrease of Pfs48/45 IgG titre in S. haematobium infected 
subjects (p=0.037) whereas no difference was seen for Pfs230 antibody 
titre, nor for antibodies to AMA1, MSP1 or GLURP. 
 
Our findings suggest an effect of Schistosoma haematobium on antibody 
responses to some P. falciparum gametocyte antigens that may have 









In many malaria endemic regions, helminth infections are also prevalent, 
thereby affecting the same population 
1,2
. There is some evidence 
suggesting an interaction between helminth and Plasmodium spp, 
however, this has not been consistent.  For example the prevalence and 
severity of malaria as well as P. falciparum parasitemia density has been 
reported to be higher 
3,4
 in some but lower 
5,6
 in other studies comparing 
helminth-infected subjects with those uninfected. Similarly, at the 
immunological level, there are conflicting reports regarding the effect of 
chronic helminth infections on the immune responses to Plasmodium spp. 
7,8
. The immunological protection against clinical malaria episodes is 
associated with a more pronounced Th1 response 
9
 and with the 
production of cytophilic antibodies (IgG1 and IgG3) 
10,11
. However the 
immune phenotype of helminth-infected subjects is generally 
characterized by a Th2 skewed response 
12,13
 and is marked by the 
production of non cytophilic IgG (IgG4) and IgE antibodies 
14
. Helminth 
infections have also been shown to induce a strong regulatory network 
that can dampen the immune response to unrelated antigens like those 
from Plasmodium spp. parasites 
15,16
. One may therefore speculate that 
malaria specific immune responses may be impaired in subjects 
chronically infected with helminths. However studies that have assessed 
this question have yielded conflicting results indicating that larger and 




To date, studies assessing the co-infection of helminths and malaria have 
mainly focused on the asexual forms of P. falciparum (reviewed in 
21
). 
However there are indications that helminth infections may also influence 
the prevalence or density of P. falciparum gametocytes, the parasite stage 
responsible for transmission of infections to mosquitoes 
22
. Studies in 
Africa and Asia have reported an increased prevalence of P. falciparum 
gametocyte carriage in helminth infected subjects 
22,23
. Interestingly using 
a murine model of coinfection Noland et al. showed that transmission of 
gametocytes from mice to mosquitoes was higher when mosquitoes were 
fed on helminth and malaria coinfected mice 
24
. Taken together these 
findings might indicate a role for helminths in sustaining malaria 
transmission in co-endemic areas.  
 
Towards understanding the effect of helminths on malaria immunity and 







endemic for both helminths and malaria. In this study, we have assessed 
the effect of S. haematobium and filarial parasites on the prevalence of 
sexual and asexual forms of P. falciparum parasite. Finally we determined 
the association between helminth and malaria co-infections on the 
humoral responses to sexual stage antigens Pfs230 and Pfs48/45, along 




Study population study area and study procedure 
 
 The study participants were selected among the population of the 
Zilé village in the Moyen-Ogooué province (Gabon). This village is 
endemic for Schistosoma haematobium, Loa loa and Mansonella perstans 
as well as for various geohelminths 
25–27
.  Malaria is also endemic in the 
area with P. falciparum reported as dominant species 
28
. Inclusion of 
participants in the study was not random but rather based on their 
willingness to participate. Participants were recruited at home during field 
visits of the study team. Urine and blood samples collected in EDTA 
tubes were taken for all the subjects to assess for schistosoma, filaria and 





 Plasmodium spp. infection was determined by microscopic 
examination of thick blood smears. Asexual forms of the parasite were 
detected by the Lambaréné method as described elsewhere 
29
. The 
presence of P. falciparum gametocytes was established using the WHO 
method after counting 1000 leukocytes. DNA extraction and real time 
PCR (qPCR) was carried on to detect sub-microscopic infection by 




 Schistosoma haematobium infection was determined before 
inclusion in the study. Schistosoma eggs were sought in 10 ml of fresh 
urine passed through a 12-μm pore-size filter. Absence of infection was 
set after the negativity of three urines samples collected after three 
consecutive days. A subject was classified as infected if at least one egg 
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 L. loa and M. perstans microfilaria was detected by a modified 
Knott method 
31
. Microfilaria count was determined by microscopy and 
difference between species was established based on the presence of the 
sheath of Loa loa. 
   
ELISA 
 
 Pfs48/45-10C was obtained from the chimeric R0-10C vaccine 
protein 
32
. R0 was cleaved from Pfs48/45-10C and successful removal of 
GLURP-R0 was confirmed by testing plasma samples from GLURP-
vaccinated volunteers 
33
. Pfs230-230CMB was obtained from Fraunhofer 
USA Center for Molecular Biotechnology. Apical membrane antigen 
(AMA-1 3D7, Biomedical Primate Research Centre, Rijswijk, the 
Netherlands), merozoite surface protein 119 (MSP-119 Wellcome allele, 
provided by Patrick Corran, London School of Hygiene & Tropical 
Medicine with permission of Tony Holder) and R2 region of GLURP, 
provided by Michael Theisen, Statens Serum Institut, Copenhagen. 
 
 AMA-1, MSP-1 and GLURP ELISAs were performed as 
described previously 
34
. Pfs48/45 and Pfs230 antibodies were quantified 
as follows;  96 well Maxisorp NUNC plates (Nalge Nunc International 
Corp., Naperville, IL, USA) were coated overnight at 4°C with 100µl per 
well of 0.1µg/ml of antigen diluted in PBS. Plates were blocked for 30 
minutes with 150µl of 5% non-fat skimmed milk (Marvel, Premier 
International Foods Ltd., Spalding, UK) in PBS. Following this, plates 
were washed 3 times with PBS, and 100µl of test serum was diluted to 
1/500 in PBS (with 1% milk and 0.05% Tween 20), and incubated on the 
plates for 4 hours at room temperature. Plates were then washed 3 times 
as before and incubated with 100µl per well of human-IgG-HRP (Pierce 
Biotechnology Inc., Rockford, IL, USA) diluted to 1/40,000 in PBS with 
0.05%  Tween 20, for 2 hours at room temperature. Next plates were 
washed 4 times, then 100µl of tetramethylbenzidine substrate (TMB) 
solution was added per well and incubated for 20 minutes. Reactions were 
stopped using 50µl per well of 0.2M sulphuric acid and optical densities 
were measured at 450nm (Bio-Rad iMark Microplate Reader, 
Hertfordshire, UK). For all assays, averaged sample ODs were 
normalized (using the midpoint dilution as reference), against a titration 
curve fitted to the positive control sample by least squares minimisation 
using a three variable sigmoid model 
34,35
. The mixture model was used to 







two Gaussian distributions using maximum likelihood methods in 
STATA (Version 11, Statacorp, Texas, USA). The mean OD of the 
seronegative (the test samples with low ODs) population plus 3 standard 
deviations was used as the cut off value. Antibody densities were 




 The statistical analysis was conducted using STATA (Version 11, 
Statacorp, Texas, USA) and R (Version 3.0.1, R core team, Vienna, 
Austria). Chi square test was used for comparison of proportion. 
Continuous data that were not normally distributed were transformed 
either using a log10 transformation or a Box-Cox transformation when 
appropriate. Comparison of mean was carried out using the student t test 
or the ANOVA test for normally distributed data or the Man Whitney and 
the Kruskal Wallis test otherwise. Multivariable linear regression analysis 
was performed to assess the relationship between infectious status and the 
antibody response specific to P. falciparum gametocyte antigens. 




 The study was approved by the “Comité d’éthique Régional de 
Lambaréné” (CERIL). Informed consent was obtained from each 
participant and in case they had less than 18 years old from their parents 
or legal guardians. Appropriate treatment was given to children found 
with P. falciparum or S. haematobium infection as per the local 
guidelines.   
 
Results 
 A total of 287 participants were included in this study. Among 
them, 229 (81%) had either Schistosoma haematobium or one of the 
filarial infections, M. perstans or L. loa, while 197 (75%) carried P. 
falciparum parasite as determined by PCR or 120 (42%) as determined by 
microscopy. None of the participants carrying P. falciparum were 
symptomatic for malaria. Co-infection with plasmodium and with one or 
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Table 1: Characteristics of the study population  
Characteristics % (n/N) 
Age (in years): Median (IQR) 11 (8-15) 
Sex*: M/F 153/134 
Hemoglobin level (in g/dl): Median (IQR) 11.3(10.5-12.2) 
Subjects with P. falciparum asexual stage infection  
(diagnosed by microscopy) 
42 (120/285) 
Subjects with P. falciparum asexual stage infection 
 (diagnosed by PCR) 
75 (197/262) 
P. falciparum gametocyte carriers 19 (52/275) 
Subjects with S. haematobium infection 75 (214/284) 
Subjects with Filaria infection** 28 (81/287) 
Helminth infection 
status 
Subjects with no helminth infection 20 (55/284) 
Subjects infected with one helminth 
specie 
57 (163/284) 
Subjects infected with more than one 
helminth species 
23 (66/284) 
Subjects with P. falciparum and helminth coinfection 55 (155/284) 
*M= male, F=Female, ** loa loa and Mansonella perstans 
 
The prevalence of microscopic P. falciparum asexual parasites was higher 
in S. haematobium infected subjects in comparison to those free of S. 
haematobium infection (47% vs 26% p = 0.003, Table 2) while P. 
falciparum gametocyte carriage was similar between helminth infected 
and uninfected subjects (Table 2). Also when malaria parasites were 
detected by PCR, we observed a higher malaria prevalence in S. 
haematobium infected individuals, albeit not statistically significant 
(p=0.07; Table 2). We did not detect any differences when comparing 
those with and without filarial infections (table 2). The absence of 
association between filaria and carriage of sexual and asexual forms of P. 
falciparum remained even after correction for age in a multivariable 
analysis (data not shown). In this study, we measured the total IgG 
response of the participants to 3 asexual (MSP1, AMA1 and GLURP) and 
two sexual (Pfs48/45 and Pfs230) P. falciparum antigens. We did not 
observe a statistically significant effect of age or gender on the level of 
the different antibodies (data not shown). Asexual P. falciparum parasites, 


























Age in years: Median 
(IQR) 
10(6) 11(6.7) 0.9 10(5) 14(8) <0.001 
  
Sex (M/F)** 38/32 112/102 0.2 113/93 40/41 0.4   
Haemoglobin level 
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*loa loa and Mansonella perstans, **M= male, F=Female 
However, when P. falciparum asexual form was determined by PCR, 
higher antibody concentrations were observed in infected subjects 
compared to uninfected for Pfs230 (65.7 [95%CI: 59.3-72.5] vs 51.1 
[95%CI: 42.7-60], p= 0.01) and AMA1 (1430.8 [95%CI: 1064.3-1904.9] 
vs 689.9 [95%CI: 391.7-1147.3] p= 0.01) but not for other antibodies, as 
shown in  Table 3.Moreover, we found that+ carriage of P. falciparum 
gametocytes was associated with a trend toward increased antibodies to 
Pfs48/45 in gametocyte-positive (55.1 [95% CI 46.2-66.2] compared to 
gametocyte-negative individuals (44.7 [95%CI 40.4-49.3]; p = 0.056). 
The same trend was observed for Pfs230 (72[95%CI 60.5-84.4] in 
gametocyte-positive and 59.8 [95%CI 54.1-65.6] in gametocyte-negative 
individuals, p = 0.068) as shown in Table 3.  
 Regarding helminth infections, we observed a significant decrease 
of Pfs48/45 IgG titres in S. haematobium infected subjects compared to 
those uninfected (44.2 [95%CI 39.7-49.2] vs 53.2 [95%CI 46.3-60.7], p = 
0.037) whereas no difference was seen for Pfs230 antibody titres, nor for 
the other antibodies as shown in Table 3. In contrast to S. haematobium, 
filarial infection was not associated with a significant effect on the 
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Table 3:  Effect of malaria and helminth infection as well as malaria exposure on the level of total IgG 
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65 (7.5) 43.1(7) 1455.3(12.4) 







To further assess how schistosome infection affects the humoral 
responses to P. falciparum sexual and asexual stage antigens, we 
performed a multivariable analysis on the titre of antibodies against the 
five antigens. In this analysis asexual P. falciparum infection diagnosed 
by PCR, P. falciparum gametocyte carriage, hemoglobin concentration 
and participant age was used as predictor variables. These predictor 
variables were selected based on their reported effect on gametocyte 
carriage and on antibodies specific to P. falciparum asexual or sexual 
stage antigens.  
 
Table 4 : Multivariable linear regression analysis assessing the effect of S. haematobium 
infection, P. falciparum infection as detected by PCR, haemoglobin level as well as age on 
antibodies to P. falciparum sexual and asexual stage antigens. Three models were 
considered for this analysis. In the first model all subjects were included regardless of 
whether or not they were infected with S. haematobium. Subsequent analysis focus on S. 
haematobium uninfected (model 2) or infected subjects (model 3). 
 
Antibody Covariates 










β (95% CI) 
P-
value 








0.0352 - - - - 
Infection with asexual forms 
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Table 4 (contd) : Multivariable linear regression analysis assessing the effect of S. 
haematobium infection, P. falciparum infection as detected by PCR, haemoglobin level as 
well as age on antibodies to P. falciparum sexual and asexual stage antigens. Three 
models were considered for this analysis. In the first model all subjects were included 
regardless of whether or not they were infected with S. haematobium. Subsequent analysis 
focus on S. haematobium uninfected (model 2) or infected subjects (model 3).  
Antibody Covariates 










β (95% CI) 
P-
value 
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We fitted the model for the total population as well as for S. 
haematobium uninfected and infected individuals, separately. In the 
total population, we observed no apparent association between Pfs230, 
AMA1, GLURP or MSP1 antibody responses and S. haematobium 
infection (Table 4) but we did find a significant decrease of Pfs48/45 
antibody titre in Schistosoma infected subjects compared to their 
uninfected counterparts (β= 0.68, 95%CI: 0.48-0.97 , p=0.035,  Table 4 
). When restricting the analysis to subjects not infected with S. 
haematobium, we observed that P. falciparum infection as determined 
by PCR was associated with a significant increase of Pfs48/45 (β=1.84, 
95%CI: 1.2-2.7, p=0.003, Table 4) and Pfs230 specific antibodies 
(β=1.9, 95%CI: 1.2-3.3, p=0.02) as shown in Table 4. This association 
was not seen when the model was applied to those infected with S. 





 To our knowledge this is the first study to assess the effect of 
helminth infections on both the carriage and the humoral immune 
response to P. falciparum sexual stage antigens. Our primary interest 
was to determine if gametocyte production, and antibody responses to 
gametocyte antigens, was higher in malaria-schistosome co-infected 
subjects. What we observed is that whilst gametocyte  carriage as 
determined by microscopy did not differ between individuals infected 
with malaria alone and with malaria and S. haematobium, antibody 
levels to Pfs48/45 sexual stage antigen but not to Pfs230 were lower in 
co-infected individuals. Our initial hypothesis, based on the literature, 
was that a higher prevalence of P. falciparum gametocytes and markers 
of gametocyte exposure would be found in S. haematobium co-infected 
individuals  
22,23
. Contrary to this hypothesis, we observed no apparent 
effect of S. haematobium co-infection on gametocyte carriage. This 
could be explained by the fact that we used microscopy to detect 
gametocytes, which is less sensitive than molecular methods 
36
. It is 
possible that molecular detection methods for gametocytes or 
functional assays (e.g. standard membrane feeding) could have given a 
different picture in line with what has been described in two studies in 
the literature showing that helminth infections increase gametocyte 
carriage 
22,23
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microscopy might be antibodies to two gametocyte antigens, Pfs230 
and Pfs48/45 
37,38
. Antibody responses to these molecules indeed 
appeared to be elevated in patent gametocyte carriers, suggesting that 
they may serve as specific markers of gametocyte exposure. 
Interestingly, in the current study, lower levels of antibodies to 
Pfs48/45 but not to Pfs230 were seen in subjects with schistosome 
infection. This suggests either a spurious finding, a selective 
suppressory effect of Schistosoma co-infection on antibody responses 
against Pfs48/45 or lower immunogenicity of Pfs48/45 and amenable to 
modulation. In line with our finding, a study in Papua New Guinea with 
high transmission of malaria showed that if sera recognized the 
gametocyte surface antigens, the response was dominated by antibodies 
to Pfs230 with fewer people showing a response to pfs48/45 
39
. 
However helminth infections which are highly prevalent in the area 
were not considered and therefore it is not possible to delineate whether 
the low response to Pfs48/45 is due to the presence of helminth 
infections.  
 In our study we noted a higher percentage of schistosoma 
infected participants was infected with P. falciparum, this was 
statistically significant when parasites were detected by microscopy but 
fell short of significance when PCR was used to detect malaria 
parasites. One way to interpret this is that schistosome infections are 
associated with higher burden of malaria parasites. The higher carriage 
of P. falciparum suggests a possible interaction between helminths and 
P. falciparum, which is unlikely to be explained by structural features 
of the houses, an important factor in malaria transmission, as houses in 
our study area were very similar to each other. Other factors such as 
nutritional status or proximity to water bodies could explain such an 
interaction but we did not collect data on these parameters.  
 We did not observe an effect of schistosomiasis on the antibody 
titres to P. falciparum asexual stage antigens, AMA1, GLURP or 
MSP1. This is in line with the results from Lyke et al. 
7
 in Mali but it 
contrasts to the observations of Diallo et al. in Senegal who reported a 
significant increase of the humoral response to plasmodium antigens in 
Schistosoma infected subjects 
8
. A plausible explanation of these 
differences might lie in the characteristics of the populations studied as 






the different study areas. For instance in the study in Mali all 
participants came from an area where, like in our study area, both 
malaria and schistosomiasis show intense seasonal transmission 
7
. In 
contrast the study in Senegal was conducted in an area of low malaria 
transmission and helminth free subjects were recruited from a village 
where S. haematobium had never been reported before and was absent 
at the time of the study 
8
. Because exposure to these parasites is 
expected to be very different in the two studies, this could affect the 
immune response profiles measured. Finally it is also important to 
emphasize that Diallo et al. measured the level of the different IgG 
subclasses whereas Lyke et al. and ourselves studied total IgG. Future 
studies should examine the effect of helminths on IgG subclasses since 
protection to malaria is linked with an increase of cytophilic antibodies 
of IgG1 and IgG3 subclasses. Why filarial infections did not affect the 
antibody responses to malarial antigens is not clear. Species dependent 
effect of helminth on malariometric indices and on malaria specific 
immune response have already been reported 
40,41
. It is possible that 
schistosomiasis has a more pronounced effect on the host immune 
response and/or metabolism than filarial infections. In this study we 
observed for example that Schistosoma but not filaria infected subjects 
were more likely to be anemic. Future studies will need to expand and 
further assess the effect of filaria or other helminths species on malaria 
transmission 
 The present study should be regarded as hypothesis generating 
and calls for additional work to assess the association between 
helminths and malaria transmission. Future studies should ideally have 
a longitudinal design and include the collection of material for sensitive 
gametocyte detection by RNA-based methods 
42
. Future studies should 
also determine the functional importance of the observed decrease of 
Pfs48/45 specific IgG in schistosoma infected subjects using mosquito 
feeding assays.  
 In summary this study suggests a selective effect of S. 
haematobium on the humoral response to an important P. falciparum 
sexual stage antigen. It indicates an association between helminths and 
malaria transmission and may form a starting point for more detailed 
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Children who have been exposed in utero to maternal filarial infection 
are immunologically less responsive to filarial antigens, have less 
pathology, and are more susceptible to acquire infection than offspring 
of uninfected mothers. Moreover children from filaria infected mothers 
have been shown to be less responsive to vaccination as a consequence 
of an impairment of their immune response. However, it is not well 
known how in utero exposure to parasite antigens affects cellular 
immune responses. 
Methodology 
Here, 30 pregnant women were examined for the presence of 
microfilaria of Loa loa and Mansonella perstans in peripheral blood. At 
delivery, cord blood mononuclear cells (CBMC) were obtained and the 
CD4
+
T cells were phenotyped by expression of the transcription factors 
Tbet, RORγt, and FOXP3.  
Results 
No significant difference was observed between newborns from 




































 T cells in the infected group only (B= -0.242, 
P=0.002; B= -0.178, P=0.013 respectively).  
Conclusion 
Our results suggest that filarial infection during pregnancy leads to an 
expansion of functionally active regulatory T cells that keep Th1 and 
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Introduction 
Parasitic infections are highly prevalent in the tropics and when present 
during pregnancy can affect the immune system of an unborn child 
directly, through transfer of parasites or antigens across the placenta 
(1).  The early priming of the fetal immune system by parasitic 
antigens, has been reported to lead to a relative impairment of the 
innate and adaptive immune response in  the neonate and later in 
infancy (2–8). As a consequence neonates born from parasite infected 
mothers are more susceptible to infection (3) and have a weaker 
response to vaccines administered during the first years of their life (9). 
This is well illustrated in a report by Malhotra and colleagues who 
observed that children exposed to malaria in utero acquire a tolerant 
phenotype to Plasmodium falciparum blood stages antigens and have 
an increased susceptibility to malaria infection during childhood in 
comparison to their malaria unexposed relatives (3). With respect to 
response to vaccines, a study comparing response to BCG vaccination 
between children from Malawi and the UK showed an inferior response 
to BCG in Malawian children suggesting  that pre natal exposure to 
environmental factors such as microorganism and parasites might in 
part account for the difference in the Malawian and UK infants (9).  
Among the infections that are highly prevalent in rural areas of the 
world are parasitic helminthes, which are thought to exert strong 
immune modulatory effects  (10).  
In sub-Saharan Africa a high prevalence of filarial infections, such as 
Wuchereria bancrofti, Onchocerca Volvulus, Loa loa and Mansonella 
perstans is often observed  in pregnant women  (11).  Transplacental 
transfer of Wuchereria bancrofti  (12,13) or its antigens (1) from the 
mother to the fetus has been reported. In the case of filariasis, a number 
of studies have indicated that in utero exposure to maternal filarial 
infections can have consequences for the child after birth. 
Epidemiological studies have shown children from filaria infected 
mothers to be more susceptible to filarial infection (5,14) and to have a 
higher risk of mother-to-child transmission of human 
immunodeficiency virus (HIV) (15) in comparison with children born 
to uninfected mothers.  How filarial parasites alter the immune system 
of the fetus during pregnancy has not been studied extensively. 
Helminth infections in general, and filariasis in particular, are 
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associated with the induction of a regulatory network that dampen 
strong immunological reactivities (10). The role of this regulatory 
network has also been suggested during an in vitro study where the 
cellular responsiveness and the cytokine production of cord blood 
mononuclear cells (CBMCs) of newborns from filaria infected mothers 
were assessed (16). These  CBMCs  were hyporesponsive to  
Onchocerca volvulus derived antigens, along with high production of 
the suppressive cytokine, IL-10 (16). Studies on peripheral blood 
mononuclear cells (PBMCs) from adults have emphasized the 
association between filarial infection and regulatory T cells. For 
example Babu et al. reported that stimulation of PBMCs with live 
infective-stage larvae of Brugia malayi resulted in a more pronounced 
activation of the regulatory network in filaria infected subjects resulting 
in alterations in Th1 and Th2 responses (17). Similarly, Wammes et al. 
observed lower responsiveness of T and B cells upon stimulation with 
B. malayi antigens,  as well as lower secretion of Th1- and Th2-type 
cytokines in B. malayi infected patients presenting with lymphatic 
filariasis compared to their uninfected counterparts (18). Interestingly 







 regulatory T cells suggesting  their role in 







 regulatory T cells (also known as natural T 
regulatory cells (nTregs)) together with adaptive T regulatory cells 
appear to be associated with  human  helminths infection (19).  The 





 thymocytes that can recognize self-
antigens (20). Adaptive regulatory T cells, which are thought to 
develop in the periphery in response to exogenous antigens, can also 
regulate effector T cells.  FOXP3 has been described as the principal 
transcription factor of nTregs (21) required both for the development of 
nTreg and the maintenance of its suppressive function (22).  As for 
nTreg cells, the adaptive regulatory T cells can express FOXP3. Other 
T helper cells can also be characterized by transcription factors. This is 
the case for Th1- (expressing T-bet) and Th17- cells (expressing 
RORγt). A tight correlation between the level of transcriptional factors 
and cytokines secreted by terminally polarized T cells has been 
described, suggesting the use of transcription factors as a marker of Th 
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in this sense is relatively recent, and little data is available regarding 
their expression as well as their profiles in newborns from helminth-
infected mothers.  
We asked the question whether maternal filarial infection can alter the 
early balance between the CD4
+
T cell subsets that are known to be 
involved in immune responses to malaria parasites, namely the Th1 
(25,26) and Th17 (27). Therefore, we analyzed in Gabon the expression 
of Tbet, RORγt and FOXP3 in CBMCs from neonates born to mothers 
infected with Loa loa and/or Mansonella perstans, comparing them to 
profiles seen in neonates from uninfected mothers.  
Method 
This study was carried out between May and August 2011 in 
Fougamou, a semi-rural town located in the center of Gabon, a sub-
Saharan African country. This area is known to be endemic for blood-
borne filaria (Loa loa and Mansonella perstans) as well as malaria (28–
30).  Study participants were pregnant women. For our study, inclusion 
of participants was based on filaria infection.  Therefore filaria infected 
women were asked to join the study, and for each infected woman an 
uninfected counterpart was included as well.   
Infection status of the mother was determined during pregnancy for 
Schistosoma haematobium and microfilaria infection. On the other 
hand P. falciparum infection of the mother was assessed throughout the 
pregnancy, as well as at the time of delivery. Additionally the presence 
of Plasmodium falciparum was assessed in the cord blood and the 
placenta. Filarial infection (Loa loa and Mansonella perstans) was 
diagnosed two months before the expected date of delivery by the 
Leucoconcentration method and parasite count was obtained  by 
microscopy (31).  None of the mother was treated before delivery since 
the drugs to treat Loa loa and Mansonella perstans are not 
recommended during pregnancy. Plasmodium spp. infection status was 
determined based on a thick blood smears (TBS) made from 10 µl of 
blood and read by microscopy according to the Lambaréné method 
(32).  Diagnosis of S. haematobium infection was based on the 
detection of parasite eggs in the residue of 10ml urine passed through a 
Millipore membrane filter, and examined by microscopy. Absence of 
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infection was confirmed upon three negative results. Blood cell counts 
and hemoglobin level of the mother was obtained using the ABX 
Pentra 60 (HORBIA Medical).   
Nine milliliters of venous cord blood was drawn after delivery in a 
heparinized tube. CBMCs were isolated within 24 hours using a Ficoll-
Hypaque density gradient centrifugation as described elsewhere (10). 
CBMC were then fixed with the eBioscience transcription factor 
fixation and permeabilization kit (eBioscience, San Diego, CA, USA) 
as per manufacturer instructions.Fixed cells were stored in DMSO 
freezing medium at −80°C.  Staining with fluorescently-labeled 
antibodies specific to T cell surface markers and to FOXP3, RORγt and 
Tbet transcription factors was performed for 30 minutes at 4°C . The 
antibodies used and their combinations are shown in Table 1, whereas 
the gating strategy is displayed in Figure 1. Data were acquired using a 
BD FACSCanto II flow cytometer using BD FACSDiva software and 
analysed using FlowJo. 





 Tbet positive T cells 
CD4-V500*/RoRgT-PE
#





FOXP3 T-regulatory cells 
*Beckton Dickinson Bioscience, San Jose, USA  # eBioscience, Inc., San Diego, USA 
 
IBM SPSS Statistics version 20.0 was used for statistical analysis. 
Graphs were created using the R graphing package “ggplot2” version 
0.9.0. Differences in proportions between the two groups were assessed 
using the Chi squared test or the Fisher exact test when appropriate. 
Continuous data were compared with the Student t-test or the Mann-
















 T cells respectively were analyzed by linear regression 









Figure 1: CBMC of neonates from filaria infected and uninfected mothers were 
isolated, fixed and stained with fluorescently labeled antibodies specific to surface 
markers (CD4, CD25) and intracellular transcription factors (FOXP3, Tbet, RORγT). 















 T cells. Cells were first gated 
for lymphocytes (FSC-A vs SSC-A) and for singlets (FSC-A vs FSC-W and SSC-w 
vs SSC-A). Next, CD4+ cells were selected, to which Tbet, RORgt, CD25 and 
FOXP3 gating was applied. By combining these gates, Tbet+RORgt-FOXP3-, 




The study was approved by the “Comité d’Éthique Régional 
Indépendant de Lambaréné” (CERIL). The study protocol was 
explained to each mother and a signed inform consent was sought 
individually. 
  





A total of 30 pregnant women and their newborns were included in this 
study. Inclusion was based on the filaria infectious status of the mother 
so as to have two equally sized groups of filaria infected and uninfected 
subjects. Both groups were comparable at the time of inclusion with 
respect to demographic characteristics as shown in Table 2. A total of 
13 mothers experienced malaria during pregnancy [5 (53%) were in the 
group infected with filarial parasites and 8 (33%) in the filarial 
uninfected group, p = 0,269] but all of them were free of malaria at the 
time of delivery. Two mothers were found with S. haematobium (1 in 
each group). 
Table 2: Baseline characteristic of the mother and the children enrolled 
in the study 
# Mann-Withney test          ## Fisher exact test ### Independent sample t-test    
 
Overall the mean percentage of CD4
+
 T cells in CBMCs was 
comparable between newborn of filaria infected and uninfected mothers 
(respectively 47.7 % vs 43.9% of CBMC, p= 0.344). Further 
characterization of T helper cells based on the signature of transcription 
factors showed no significant difference between the filaria infected 





0.10%,  p= 0.086), CD4+RORγt
+







 T cells (2.5% of CBMC vs 2.04% respectively, 
p= 0.210).  
 Microfilaria negative Microfilaria positive p 
Number of subjects 15 15  
Characteristic of the mother    
Age in years, median (IQR) 22 (19-28) 23 (21-32) 0.279# 
Multiparity status, n (%) 15 (100%) 11 (73%) 0.099## 
Hemoglobin level, mean (±SD) 11.08 (±1.48) 12.27 (±1.71) 0.052### 
Characteristic of the neonates    
Female, n (%) 7 (47%) 2 (13%) 0.108## 
Gestational age, median (IQR) 38 (36-40) 39 (37-41) 0.280# 
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In order to assess the association between regulatory T cells and the 
















cells respectively through a linear regression analysis. Analyzing all 










 T cells (B= -0.175, 95% CI=-0.275 to -0.074, p= 0.001). 
Interestingly when stratifying our study subjects by their infectious 







 Treg cells and the population of Th1 and Th17 
cells was only significant in the offspring of microfilaria infected 
mothers (Figure2).  
 





















 T cells (lower 
panel) of CBMC of neonates from filaria negative (in grey) and filaria positive (in 
black) mothers assessed by a linear regression analysis. Each dot shows a single 
subject while the solid lines represent the regression lines of the model. The strength 
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of the association between two variables is given by the value of the regression 
coefficient beta (β) value in each graph. A positive β value indicates a positive 
association between the variables in the model while a negative β value indicates a 




This exploratory study was designed to assess the effect of maternal 
filarial infection on the neonatal T helper cells that are known to be 
involved in malaria driven immune responses, TH1 and TH17, using 
transcription factors that are now used as hallmarks of T helper cells 
polarization. To this end we measured the percentage of CD4
+
 T cells 
and CD4
+
 T cells expressing Tbet, RORγt and FOXP3 in CBMCs 
collected from offspring of filaria infected and uninfected mothers. We 











T cells, nor on the 
level of expression of these transcription factors (data not shown).  
Treg cells are important for maintaining immune homeostasis, 
especially during the course of an infection. Consequently, an expanded  
Treg compartment has been described in subjects that are chronically 
infected by parasites such as filarial worms (33). Although, we 
observed a trend toward an increase of the percentage of Treg cells in 
CBMC of neonates from filaria infected mothers, this was not 
statistically significant. When we analyzed how Treg cells were 
associated with other cell subsets, we observed that they were 
negatively correlated with Tbet+ and RORγt
+
 CD4 T cells.  
Importantly, this was only seen in the filaria infected group and not in 
the cells of CBMC of neonates born to uninfected mothers suggesting a 
stronger functional activity of these cells in infected subjects. In line 
with our finding, a study reported by Wammes et al., compared both 
frequency and function of CD4+CD25hiFOXP3+ regulatory T cells in 
geohelminths infected and uninfected individuals (34). This study 
found that although the frequency of regulatory T cells was similar 
between the two groups, their suppressive activity was more 
pronounced in geohelminths infected subjects (34).  Together with our 
data this result may suggest that activation of CD4+CD25hiFOXP3+ 
regulatory T cells occur upon exposure of the cells to parasite antigens 
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The obvious limitation of our study is the small sample size, which may 
have prevented the detection of significant differences in percentages of 
Th1, Th17 and Treg cells in children born to infected and uninfected 
mothers. Despite this, we could by using a regression model show that 
in offspring from filaria infected mothers Treg cells could alter effector 
T cell expansion as described in adults (34–36). When studying 
regulatory T cells in circumstances where it is not possible to assess 
their functional capacity (for example in resource poor settings), it 
might be useful to analyze relationships between their number and 
outcomes such as other cell subsets that these cells could control or 
cytokines produced by effector cells. 
Altogether our finding that in children born to mothers infected with 
filarial worms have regulatory T cells that are negatively associated 
with TH1 or TH17 cells, may have practical implications, as an 
alteration of effector T cell responsiveness in neonates from helminth 
infected mothers may lead to a poor immunologic response to vaccines 
that are usually administered during their first years of life.    
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Helminths and malaria are among the most prevalent infectious 
diseases in the world. They both occur in tropical area where they often 
affect the same populations. There are studies suggesting an effect of 
helminths on malariometric indices. For example, malaria attacks as 
well as disease severity has been shown to be influenced by a 
concurrent chronic helminth infection. However, there are also studies 
that show no effect of concurrent helminth infections on malarial 
outcomes. To start addressing this issue, the effect of chronic 
Schistosoma haematobium infection on both the innate and adaptive 
immune response of Plasmodium falciparum-infected subjects was 
assessed in an area endemic for both these infections in Gabon. 
Method 
Subjects infected with S. haematobium and or P. falciparum, as well as 
a control group with neither of these infections, were recruited. For 
innate immune response, heparinized blood was obtained and cultured 
for 24 hours with a panel of TLR ligands. For adaptive immune 
response, PBMC was isolated and stimulated with SEB for 72 hours. 
Cytokines and chemokines were measured in supernatants using a 
multiplex beads array immunoassay. Principal Component analysis was 
used to assess pattern of cytokine and chemokine responses 
representing the innate and adaptive components of the immune 
system. 
Results 
Overall it was observed that the presence of P. falciparum infection 
was marked by an increase in innate and adaptive immune 
responsiveness while S. haematobium infection was characterized by an 
increased chemokine profile, with at the same time, lower pro 
inflammatory markers. When the study subjects were split into single 
infected and co-infected groups no effect of S. haematobium on the 
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neither for the innate nor for the adaptive component of the immune 
response. 
Conclusion 
This study provides original information on the cellular immune 
response of S. haematobium and/or P. falciparum in infected subjects. 
It rules out an effect of S. haematobium on the cytokine profile of 
subjects co-infected with P. falciparum. 
Keywords 
Malaria, Schistosomiasis, Co-infection, Innate immune response, 
Adaptive immune response, Principal component analysis, 










In Plasmodium spp. infected subjects the ability to control the 
development of the parasite depends largely on the balance between 
pro and anti-inflammatory mediators of their immune response [1,2]. 
Acute Plasmodium falciparum infection is usually associated with an 
increase of INFγ and TNF, regarded as the markers of the Th1 and pro-
inflammatory response [2,3]. This pro-inflammatory response is 
thought to be needed to impede the multiplication of the parasite and 
favour its clearance, both in human and animal models [2-4]. While 
important for parasite clearance a powerful Th1 and pro-inflammatory 
response could also be detrimental for the host if uncontrolled, leading 
to tissue damage and severe disease [5,6]. This is supported by the 
importance of the anti-inflammatory network characterized by an 
expansion of the regulatory T cells [7-10], as well as by the activation 
of negative regulators like the CTLA4 or PD-1, transmembrane 
receptors, during malaria infection [11,12]. Moreover, as Th1 responses 
can be counteracted by Th2 cells, the presence of a strong Th2 response 
might also influence anti-malarial immunity. 
In areas where malaria is endemic, it is the norm that Plasmodium-
infected people also suffer from a concurrent helminth infection 
[13,14]. Helminths have repeatedly been shown to modulate the 
immune system of their host in order to survive [15]. Chronic 
helminthiasis is usually characterized by a marked Th2 response 
[16,17] as well as by the induction of a regulatory network [18,19] that 
could consequently impair the host immune response to other antigens 
[20]. Whether a concurrent helminth infection of the host can affect his 
immune response to Plasmodium spp. co-infection is still debated 
[21,22]. Population-based studies conducted to assess the effect of 
helminths on malariometric indices and on the immune response of P. 
falciparum infected subjects have so far revealed contrasting results. 
For example, in Senegal, Sokhna et al. observed that children with 
Schistosoma mansoni had an increased incidence of clinical malaria in 
comparison to their uninfected counterparts [23], while in Mali, Lyke 
and colleagues reported a protective effect of S. haematobium infection 
against malaria [24]. A similar divergent picture has also emerged 
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infected subjects. For example in Senegal, Diallo et al. reported a 
significant increase of the plasma concentration of TNF and IFNγ 
measured in S. haematobium and P. falciparum co-infected children in 
comparison to their P. falciparum single infected counterpart [25]. In 
the same studies, they also observed a significant increase of the 
plasma concentration of TNF, IFNγ, IL-10, TGF-β, sTNF-RI and 
sTNF-RII rates in co-infected subjects [25]. Similarly in Ghana, 
Hartgers et al. compared the cytokine response of S. haematobium 
subjects to uninfected ones when their whole blood were stimulated 
with P. falciparum infected red blood cells (iRBCs) and observed that 
the measured level of IL-10 was significantly higher in the infected 
group [26]. Inversely, in Mali Lyke et al. reported a decreased level of 
IL-10 in plasma from S. haematobium and malaria co-infected subjects 
by comparison to malaria only subjects [27]. 
Some reports have suggested that a concurrent helminth infection is 
associated with elevated cytokines in particular pro inflammatory ones 
compared to P. falciparum infected subjects [25,26], while in others 
either no effect or even a decreased in these cytokines [27,28,29]. It is 
important to note that each of these studies assessed the immune system 
of infected people from a different angle, either by using different 
stimuli or by characterizing a different cells type. Moreover none has 
yet attempted to provide information on how helminths affect both the 
innate and the adaptive immune response of P. falciparum-infected 
subjects within the same cohort. 
This study provides information on the cellular immune response of P. 
falciparum-infected subjects, with or without concurrent S. 
haematobium infection. Instead of assessing cytokines responses 
individually, a more global approach was taken to profile the pattern of 
cytokine responses in the study subjects. The study hypothesis was that 
a comprehensive and integrative assessment of multiple cytokines 
involved in the innate or the adaptive immune response of co-infected 
subjects would provide a better insight into the effect of S. 










Recruitment of study participants and diagnosis of parasitic 
infections 
This study was cross sectional and was conducted in the Bindo village 
located in the Moyen-Ogooué province in Gabon. The Bindo village is 
endemic for both S. haematobium and malaria [30]. School children 
from six to 16 years of age, attending the only school of the village 
were included. Urine and blood samples were collected at inclusion for 
the diagnosis of S. haematobium and P. falciparum infection as well as 
for immunological assays. A thorough description of the parasitological 
test and the immunological assays has been previously published in a 
study protocol article [31]. Briefly, S. haematobium infection was 
determined by the detection of eggs by microscopy in 10 ml of filtrated 
urine. Schistosoma haematobium-uninfected subjects were those who 
did not show any eggs in three samples of urine collected on three 
consecutive days. Detection of P. falciparum infection was made by 
real time-PCR performed on DNA extracted from EDTA blood pellet 
kept frozen in - 80°C [32]. 
Immunological assays 
Peripheral blood was collected in sodium heparinized tubes for every 
child as described elsewhere [31]. To assess the innate immune 
response heparinised blood was diluted in RPMI (1:1) and cultured for 
24 hours at 37°C with a panel of five different Toll like receptor ligands 
(LPS [TLR4], PAM3 [TLR1/2], CPG [TLR9] CL097 [TLR7/8]), S. 
haematobium eggs antigens (SEA) and a combination of LPS and SEA. 
Supernatant was collected after 24 hours and cytokine production was 
measured using the multiplex beads array immunoassay. The 
cytokines/chemokines quantified for this ex-vivo assay were IFNα2, 
IL-1ß, IL-6, IL-10, IL-12p70, IL-13, IFNγ, MCP-1, MIP-1α, MIP-1ß, 
TNF and IP-10. 
In order to assess the adaptive immune response, PBMC were isolated 
by density gradient centrifugation on Ficoll as already described [31]. 
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was collected for the measurement of a panel of 11 different cytokines 
(TNF, IFNγ, IL-2, IL-4, IL-5, IL-13, IL-17A, IL-17 F, IL-22, IL-10, 
and IL-21) by a multiplex beads array immunoassay. 
Statistics 
Chi square and fisher’s exact test were used to compare categorical 
variables. Not normally distributed quantitative variables were 
transformed either by Log10 or Box-Cox transformation. Student t-test 
and ANOVA were performed when data met the assumption of 
normality. Otherwise the non-parametric Mann Whitney and Kruskal 
Wallis tests were used. Correlation between two continuous variables 
was assessed using the spearman rho test. 
Principal component analysis (PCA) was carried out on the cytokine 
variables in order to summarize them. Of note PCA is a mathematical 
technique that allows reducing the dimension of large dataset by 
identifying new summary variables also called principal component 
(PC). Each principal component is made of a set of original variables 
that share a certain level of correlation. All the analysis was performed 
on medium subtracted data. Negative values were set to zero. Cytokine 
from the innate [obtained after whole blood stimulation] and the 
adaptive panels [obtained after PBMC stimulation] were analyzed 
independently by PCA. As mentioned above the innate panel consisted 
of 12 cytokines measured after stimulation of cells by six different 
conditions. Before performing the PCA an average cytokine response 
were calculated for each subject by taking the mean of the cytokine 
level obtained with the six different stimuli. This step only concerned 
the innate panel and was not needed for cytokine of the adaptive panel 
since the cytokine response to one stimulus was only assessed. All 
variables were transformed either using a log10 or a Box-Cox 
transformation to reduce skewness prior to PCA. Principal components 
identified were considered for further analysis if their eigenvalues were 
above one. No rotation was applied. Individuals PC scores were 
obtained for each subject and used for comparison between groups. All 
the statistical tests were computed using R version 3.0.1. The R 
packages ggplot2 version 0.9.3.1 and FactoMineR version 1.25 were 
used for making graphs and performing the PCA respectively. 









The study was approved by the “Comité d’éthique Régional de 
Lambaréné” (CERIL). Informed consent was obtained from parents or 
legal guardians of each of the children included in the study. 
Appropriate treatment was given to children found with P. falciparum 
or S. haematobium infection as per the local guidelines. 
Results 
Characteristics of the study subjects 
The recruitment of the study participants took place in May 2011. 
Overall 125 subjects aged from six to 16 years were included. Among 
them 63 (50.4%) were infected with S. haematobium while 66 (53%) 
carried P. falciparum in their blood as determined by PCR. When 
considering co-infection four different groups were compared as shown 
in Table 1. Children with P. falciparum single infection were younger 
and had a lower haemoglobin level. No other significant differences 
were found between the different groups. 
Table 1 Characteristics of the study subjects divided by infection status 
 
S.h-/ P.f- S.h +/ P.f- S.h -/ P.f+ S.h +/ P.f+ 
p-
value 
Number of subjects (%) 28 (22%) 31 (25%) 34 (27%) 32 (26%) - 
Gender: M/F 14/14 13/18 19/15 18/14 0.63 
Age in years: Median (IQR) 11 (3.25) 11(5) 9.5(4) 13(3) 0.02 
Weight in kgs: Median(IQR) 31.5(12.25) 35(15) 30(9.8) 36(18.25) 0.05 
Haemoglobin in g/dl: Median (IQR) 11.9(0.8) 12.25(0.95) 11.1(1.08) 11.8(1.6) 0.003 
Number of subjects living in the 
village for more than 5 years (%) 
17(61%) 21(75%) 15(44%) 19(61%) 0.10 
Number of filaria infected subjects (%) 2(7%) 4(13%) 2(6%) 2(6%) 0.67 
Number of subjects previously treated 
for S. haematobium: (%) 
9(32%) 21(41%) 7(21%) 14(45%) 0.16 
S. haematobium eggs count 
per 10 ml : Median (IQR) 
0 15(49.5) 0 52.5(88.5) 0.26# 
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Innate immune responses 
Cytokine and chemokines were measured following the stimulation of 
whole blood with a panel of TLR ligands for 24 hours. In Figure 1a, the 
levels of measureable chemokines/cytokines are shown. The 
chemokines/cytokines showed a certain degree of correlation (Figure 
2a) that prompted us to perform a principal component analysis. The 
PCA identified two PCs (respectively named innate PC1 (iPC1) and 
iPC2) that summarized the 12 measured chemokines/cytokines. These 
PCs are described in Table 2. Briefly the iPC1 comprised of almost all 
chemokines/cytokines included in the PC analysis and, therefore, was 
interpreted as reflecting the general responsiveness. The iPC2 was best 
characterized by four chemokines/cytokines that clustered into two 
groups; the MCP1-MCAF/MIP-1β, which were positively loaded and 
the INFγ/TNF, which were negatively loaded in the PCs. In other 
words an increase of PC2 would represent an increase of MCP1-
MCAF/MIP-1α and a simultaneous decrease of INFγ/TNF.
Figure 1: Levels of the cytokines measured for the innate (left) and the adaptive (right) 
panels. For the innate panel the mean response was calculated per cytokine for the 6 different 
antigens that were used cin the whole blood assay. This step was not needed for cytokine 
pertaining to the adaptive panel since only the cytokine response after SEB stimulation was 
assessed. Boxes represent the magnitude of the overall response of the study subjects per each 
cytokine. Whiskers represent minimal and maximal concentrations and dots are indicative of 








Neither age nor gender affected iPC1 or iPC2. In a univariate analysis, 
iPC1 was higher in P. falciparum infected subjects in comparison to 
subjects with no P. falciparum infection (median level of the iPC1 
scores: 0.133 in infected vs 0.003 in uninfected subjects, p =0.019, 
Figure 3a), whereas S. haematobium infection was associated with an 
increased iPC2 (0.6 in infected vs 0.04 in uninfected, p = 0.016, Figure 
3b). This indicates that during P. falciparum infection there is an 
enhancement of responses to innate stimuli in general while S. 
haematobium infection appears to lead to a selective increase in the 
release of macrophage-released chemokines, and at the same time to a 
decrease of pro-inflammatory cytokines in response to TLR stimuli. 
 
Figure 2 Correlation matrix of the cytokines of the innate (upper) and the adaptive 
(lower) panels. The pair wise correlation between the different cytokines measured is depicted. 
The intensity of the colours as well as the diameter of the circles give an indication of the 
degree of correlation between two cytokines and reflect the strength of spearman’s rho 
correlation coefficient. The crosses represent correlation coefficients that were not statistically 
significant. Significance was tested using a spearman rank test and level of significance was set 
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To further assess immune response in single and co-infected subjects 
with particular emphasis on the question whether S. haematobium 
affects response associated with P. falciparum, the study population 
was divided into four groups of uninfected, infected with P. falciparum 
only, S. haematobium only and infected with both. What was observed 
was that iPC1 was higher in those with P. falciparum infection, and 
statistically significantly so in those co-infected with S. haematobium 
(Table 3). These data indicate that P. falciparum effect on the immune 
system is not influenced by concurrent S. haematobium infection. 
Table 2: Description of the different principal components 
identified for the innate panel (iPC1 and iPC2) and the adaptive 




iPC1 iPC2 aPC1 aPC2 aPC3 
Score Contribution Score Contribution Score Contribution Score Contribution Score Contribution 
IL1b 0.4 14 −0.2 6 - - - - - - 
IP10 0.3 11 - - - - - - - - 
MCP1-
MCAF 
0.2 2 0.5 27 - - - - - - 
MIP1a 0.3 12 0.2 5 - - - - - - 
MIP1b 0.1 1 0.5 29 - - - - - - 
TNF 0.3 10 −0.4 13 - - - - - - 
IL6 0.4 17 - - - - - - - - 
IL10 0.4 14 −0.1 2 - - - - - - 
IL12 0.3 9 0.3 8 - - - - - - 
IL13 0.2 4 - - - - - - - - 
INFγ 0.2 4 −0.3 10 - - - - - - 
IL5 - - - - 0.34 11.7 0.55 29.8 −0.13 1.7 
IL10 - - - - 0.39 15.1 0.21 4.6 −0.03 0.1 
IL13 - - - - 0.35 12.6 0.49 23.7 −0.18 3.4 
INFγ - - - - 0.37 13.7 −0.24 5.6 0.56 31 
TNF - - - - 0.42 17.6 −0.09 0.9 0.49 24.4 
IL17A - - - - 0.36 13.2 −0.31 9.8 −0.13 1.6 
IL21 - - - - −0.31 9.3 0.32 10.8 0.42 17.6 
IL22 - - - - −0.26 6.9 0.38 14.5 0.45 20.23 
Adaptive immune responses 
As TLRs stimulate the innate immune system in general, to assess the 
general response of the adaptive immune system the PBMC were 








polyclonal T cells activation, part of the general adaptive immune 
responsiveness. The cytokines measured are shown in Figure 1b and 
the extent of their correlation in Figure 2b. To profile the cytokine 
response, a PCA was performed. As shown in Table 2, three different 
PCs (adaptive PC1 (aPC1), aPC2 and aPC3) were identify. Based on 
the type of cytokines that contributed to the PC, they were interpreted 
as follows: aPC1 represented the general immune responsiveness; aPC2 
the Th2/Th17; and aPC3 Th1/Th17 response. 
Figure 3 Effect of P. falciparum and S. haematobium single infection or coinfection on the 
levels of the principal components reflecting the innate immune response of the study 
subjects. Two principal components (iPC1 and iPC2) were identified and explained 67% of the 
variance in the database. The iPC1 was made of almost all the cytokine included in the model 
and thus was representative of the innate immune responsiveness of the study subjects. The 
iPC2, in contrast, was formed by 4 cytokines who clustered into two groups MCP1-MCAF and 
MIP1b positively loaded in the iPC2 and INFγ and TNF that were negatively loaded. Thus an 
increase of the iPC2 will mirror an increase of the positively loaded chemokines and a decrease 
of the negatively loaded cytokines. The box plots represent the median and the interquartile 
range of the different iPCs while the whiskers show the minimal and maximal value. 
There were no differences between males and females for the aPC1, 
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and the age of the study participants (rho = 0.3, p < 0.008) was 
observed but no effect of age was seen on aPC2 (rho = 0.1, p = 0.3) or 
aPC3 (rho = −0.1, p = 0.4). As shown in Figure 4a, a trend toward an 
increase of the aPC1 was seen with P. falciparum infection but no 
effect was observed on the aPC2 or aPC3. Moreover none of the 
components, aPC1, aPC2 or aPC3 was affected by S. haematobium 
infection (Figure 4b). Finally, no statically significant differences 
between groups were detected when P. falciparum and S. haematobium 
co-infected subjects were compared with those with single or no 
infection (Table 3). 
Table 3: Effect of P. falciparum (P.f.) and S. haematobium (S.h) co-
infection on the different principal components identified from the 
innate (iPC) and the adaptive (aPC) immune response 
 S.h-/P.f- S.h +/ P.f - S.h -/ P.f + S.h +/ P.f + p-value 
Median (IQR) Median (IQR) Median (IQR) Median (IQR) 
iPC1 0 (0–0.03) 0.05 (0–0.31) 0.24 (0–1.28) 0.13(0.005-0.94) 0.046# 
iPC2 0 (0–0.31) 0.73(0–2.37) 0.12 (0–1.22) 0.53 (0.005-1.48) 0.047## 
aPC1 0.26 (0.11- 0.89) 0.38 (0.05 – 1.25) 0.36 (0.11 – 1.4) 1 (0.18 – 3.31) 0.22 
aPC2 0.53 (0.18 – 0.84) 0.66 (0.2-1.26) 1.27 (0.4-1.7) 0.75 (0.2 -1.6) 0.42 
aPC3 0.6 (0.25 – 1.33) 0.47 (0.1-1.6) 1.34 (0.24-3.019) 0.25 (0.05-1.1) 0.56 
S.h-/ P.f- : Subjects not infected by either S. haematobium or P. falciparum. S.h+/ P.f-: Subjects 
with single S. haematobium infection. S.h-/ P.f+: Subjects with single P. falciparum infection. 
S.h+/ P.f+: S. haematobium and P. falciparum co-infected subjects. M: male and F: female. CT 
value represents the value of the cycle threshold. # Two by two comparison of the groups are 
shown and show significant difference between S.h-/P.f- vs S.h +/ P.f + (p = 0.04). ## Two by 
two comparison show significant difference between S.h-/P.f- vs S.h +/ P.f – and between S.h-
/P.f- vs S.h +/ P.f + (p = 0.03 and 0.02 respectively). 
Discussion 
The main objective of this study was to determine whether chronic S. 
haematobium infection was able to affect the cellular immune response 
of P. falciparum infected subjects. By measuring the cytokine 
production after in-vitro stimulation, the innate and adaptive immune 
responses of the study subjects were profiled. Here, rather than 
assessing single cytokines, the pattern of cytokine responses of the 
study subjects using a PCA was evaluated. PCA is a mathematical tool 
widely used in the field of biology. It has the advantage of summarizing 
highly correlated variables in new latent and synthetic variables called 








Two PCs (iPCs) that summarize the innate cytokine responses of the 
study participants were identify as well as 3 PCs (aPCs) for the 
adaptive cytokine responses. The interpretation of these different PCs 
shows that cytokines are released with a certain degree of correlation. 
Figure 4: Effect of P. falciparum and S. haematobium single infection or coinfection on the 
levels of the principal components reflecting the adaptive immune response of the study 
subjects. Three different principal components were identified and explained 76% of the 
variance in the dataset. The aPC1 was formed by almost all the cytokines included in the model 
and thus was representative of the adaptive immune responsiveness of the study subjects. The 
aPC2 and aPC3 was representative of the Th2/Th17 and Th1/Th17 respectively. They were all 
positively loaded on their respective PCs. The box plots represent the median and the 
interquartile range of the different iPCs while the whiskers show the minimal and maximal 
value. 
This is supported by the fact that none of the PCs identified was made 
of only one cytokine and at least two cytokines were represented in 
every PC. Moreover, it was noticed that within the same PC cytokines 
were either negatively or positively correlated. For example in the 
iPC2, Th1 type cytokines (IFNγ and TNF) were negatively correlated 
with cytokines released by macrophages (MCP1-MCAF and MIP1β) 
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In a number of studies it has been shown that S. haematobium infection 
can influence the innate immune response of the human host. For 
instance in population based studies, schistosomiasis has been linked 
with functional impairment of human myeloid dendritic cells [35] and 
their response to TLR ligands [36-38]. Schistosoma haematobium 
excretory-secretory products can prime dendritic cells to shape the 
adaptive response toward a Th2 phenotype [38,39]. While this immune 
profile is thought to limit the damage caused by schistosomes in the 
human host, it could alter the host immune response to a concurrent P. 
falciparum co-infection. What was observed in this study is that P. 
falciparum infection was marked by an increase of the iPC1 and aPC1, 
which represented the innate and adaptive general immune 
responsiveness. Interestingly, this was not the case for S. haematobium 
infection, which was associated with an increased level of chemokines 
(MCP1-MCAF and MIP1b) and the decrease of pro-inflammatory 
cytokines, namely INFγ and TNF. This indicates that the immune 
system responds differently to P. falciparum and to S. haematobium 
infection. In P. falciparum-infected subjects the increase of the iPC1 
and aPC1 component is in line with the immune profile seen in 
asymptomatic P. falciparum infected subjects [40]. This is also in line 
with the literature indicating that in subjects chronically infected with 
S. haematobium there is a down modulation of the pro inflammatory 
response that is thought to allow the survival of the parasites [18,19]. 
These observations regarding S. haematobium are in line with results of 
two independent studies that assessed the innate immune response of 
schistosome-infected subjects. In the first study, Turner et al. observed 
that upon stimulation of whole blood with schistosome 
excretory/secretory products, S. haematobium infected subjects had an 
enhanced production of IL-10, an anti inflammatory cytokine, whereas 
the level of the pro-inflammatory cytokine TNF was not different from 
the uninfected subjects [41]. In the second study, Van der Kleij et al. 
observed that S. haematobium infection was associated with a 
significant decrease in responsiveness to LPS irrespective of pro or anti 
inflammatory cytokines [37]. However, a study by Meurs et al. 
reported that PBMC of S. haematobium infected subjects produced 
significantly more TNF after stimulation with Pam3 a TLR2/1 ligand in 
comparison to their S. haematobium uninfected counterparts [36]. 
These differences are difficult to reconcile but the culture methods 








responses, or other factors such as different environments or co 
infections [42,43], need to be taken into consideration when comparing 
studies. 
This study did not observe an effect of S. haematobium on the innate 
and adaptive cytokine profile of P. falciparum infected subjects. The 
current body of evidence on helminth and malaria co-infection and its 
effect on the host immune response has so far given contrasting results. 
For example a cross sectional study showed no impact of light intensity 
Ascaris infection on the immune response of malaria infected subjects 
[44]. In a study conducted in Mali, S. haematobium infected and 
uninfected subjects were followed up until the time to the first malaria 
episode and serum cytokines were measured at the time of inclusion 
and at the time when study subjects became infected with P. falciparum 
[27]. At baseline the level of IL-4, IL-6, IL-10 and IFNγ cytokines were 
all higher in subjects infected with S. haematobium by comparison to 
uninfected subjects. However, when these participants developed an 
acute episode of malaria IL-6 and IL-10 cytokines increased 
considerably in all groups, but to a higher extent in subjects who were 
free of schistosome infection [27], which would suggest that S. 
haematobium impedes the cytokine storm. It has to also be noted that, 
looking at the results differently, which is that at the time of malaria 
infection, the baseline differences in IL-6 and IL-10 in the S. 
haematobium infected and uninfected subjects, fell short of statistical 
significance, one might conclude that there is no difference between 
subjects with single malaria versus those who were coinfected. In 
contrast, in a study in Senegal, where P. falciparum infected 
participants were compared to S. haematobium and P. falciparum co-
infected subjects; Diallo et al. reported that the plasma concentration of 
IL-10, TGFβ, INFγ (but not INFα) was higher in co-infected subjects 
than in those with single infection. The same authors, when examining 
in vitro production of cytokines by mononuclear cells stimulated with 
P. falciparum schizont extracts and MSP1-19 antigens reported an 
increase of IL-10 and INFγ but not TGFβ, IL-12 or IL-13 in subjects 
with P. falciparum infection compared with subjects co-infected with 
P. falciparum and S. haematobium [45]. Finally, a study conducted by 
Hartgers et al. in Ghana showed higher response to malaria antigens in 
terms of IL-10 but not INFγ, IL-6, TNF in helminth infected subjects in 
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emphasize that in the study of Hartgers et al., the response to malaria 
antigens was compared between S. haematobium-infected and 
uninfected subjects and, therefore, malaria infection was artificially 
mimicked by the use of antigens from P. falciparum. Regarding, the 
Senegal studies, the P. falciparum singly infected individuals 
originated from a village where S. haematobium infection was never 
reported before, whereas co-infected subjects were from an entirely 
different village endemic for both S. haematobium and P. falciparum. 
Therefore, it is possible that the differences reported, mirror the 
exposure to different environmental factors rather than to S. 
haematobium. This is supported by the work by Smolen and colleagues 
who compared the immune response of children across four different 
continents. Using a standardized procedure they observed considerable 
heterogeneity in the cytokine responses in the different geographical 
areas [42]. 
One obvious limitation of the present study is that it is cross sectional 
and one could argue that it does not provide information on history of 
past helminth infections that are capable of imprinting the host immune 
system. For example, the innate immune system has been shown to be 
able to keep a “memory” of early exposure to PAMPs through a 
process called “trained immunity” which is not addressed in this study 
[46]. Additional limitation concerns the sample size of the study that 
may not be sufficient to detect an effect of helminths on P. falciparum 
modulated immune responses. However, this study was carried out in a 
relatively small community where it was possible to enroll all the 
school-aged children willing to participate and fulfilling the inclusion 
criteria. Despite these limitations the present study provides original 
information on the cellular immune response of S. haematobium and/or 
P. falciparum infected subjects. It showed that P. falciparum, but not S. 
haematobium, infection was associated with an increase of the immune 
responsiveness of the study subjects but it did not evidenced an effect 
of S. haematobium on the immune response that were measured in the 









This study assessed the effect of S. haematobium on the pattern of 
cytokine responses elicited in subjects concurrently infected with P. 
falciparum. It shows that P. falciparum infection is associated with an 
increased immune responsiveness which is not affected by S. 
haematobium co-infection. 
Competing interests 
The authors declare that they have no competing interests. 
Authors’ contributions 
UAN, JFZ, RFKK carried on the study on the field. They were 
responsible of the screening and the enrolment of the study participants. 
UAN carried on the different immunological assays, performed the 
statistical analysis and wrote the first draft. AAA, MML and BM advise 
on the epidemiological aspect of the study. HS advise on the 
immunological aspect of the study. PGK, MY and AAA designed and 
coordinated the study. All authors participated in the manuscript 
preparation, read and approved the final version of the manuscript. 
Acknowledgements 
This work was supported by: the European Union funded project : An 
African-European Research Initiative (IDEA)” (HEALTH-F3-2009-
241642); the EDCTP Project code TA.11.40200.025” and the Deutsche 
Forschungsgemeinschaft-funded project Deutsch-Afrikanische 
Kooperationsprojekte in der Infektiologie (DFG-Projekt KR 1150/6-1. 
We acknowledge support by Deutsche Forschungsgemeinschaft and 
Open Access Publishing Fund of Tuebingen University. The funders 
had no role in study design, data collection and analysis, decision to 








1. Clark IA, Alleva LM, Budd AC, Cowden WB. Understanding the 
role of inflammatory cytokines in malaria and related diseases. Travel 
Med Infect Dis. 2008;6:67–81. 
2. Winkler S, Willheim M, Baier K, Schmid D, Aichelburg A, 
Graninger W, et al. Reciprocal regulation of Th1- and Th2-cytokine-
producing T cells during clearance of parasitemia in Plasmodium 
falciparum malaria. Infect Immun. 1998;66:6040–4. 
3. Clark IA, Budd AC, Alleva LM, Cowden WB. Human malarial 
disease: a consequence of inflammatory cytokine release. Malar J. 
2006;5:85. 
4. Perlaza B-L, Sauzet J-P, Brahimi K, BenMohamed L, Druilhe P. 
Interferon-γ, a valuable surrogate marker of Plasmodium falciparum 
pre-erythrocytic stages protective immunity. Malar J. 2011;10:27. 
5. Palomo J, Fauconnier M, Coquard L, Gilles M, Meme S, Szeremeta 
F, et al. Type I interferons contribute to experimental cerebral malaria 
development in response to sporozoite or blood-stage Plasmodium 
berghei ANKA. Eur J Immunol. 2013;43:2683–95. 
6. Villegas-Mendez A, Greig R, Shaw TN, de Souza JB, Gwyer 
Findlay E, Stumhofer JS, et al. IFN-γ-producing CD4+ T cells promote 
experimental cerebral malaria by modulating CD8+ T cell 
accumulation within the brain. J Immunol. 2012;189:968–79. 
7. Nie CQ, Bernard NJ, Schofield L, Hansen DS. CD4+ CD25+ 
regulatory T cells suppress CD4+ T-cell function and inhibit the 
development of Plasmodium berghei-specific TH1 responses involved 
in cerebral malaria pathogenesis. Infect Immun. 2007;75:2275–82. 
8. Haque A, Best SE, Amante FH, Mustafah S, Desbarrieres L, de 
Labastida F, et al. CD4+ natural regulatory T cells prevent 
experimental cerebral malaria via CTLA-4 when expanded in vivo. 








9. Finney OC, Nwakanma D, Conway DJ, Walther M, Riley EM. 
Homeostatic regulation of T effector to Treg ratios in an area of 
seasonal malaria transmission. Eur J Immunol. 2009;39:1288–300. 
10. Walther M, Tongren JE, Andrews L, Korbel D, King E, Fletcher H, 
et al. Upregulation of TGF-beta, FOXP3, and CD4 + CD25+ regulatory 
T cells correlates with more rapid parasite growth in human malaria 
infection. Immunity. 2005;23:287–96. 
11. Hafalla JCR, Claser C, Couper KN, Grau GE, Renia L, de Souza 
JB, et al. The CTLA-4 and PD-1/PD-L1 inhibitory pathways 
independently regulate host resistance to Plasmodium-induced acute 
immune pathology. PLoS Pathog. 2012;8:e1002504. 
12. Butler NS, Moebius J, Pewe LL, Traore B, Doumbo OK, Tygrett 
LT, et al. Therapeutic blockade of PD-L1 and LAG-3 rapidly clears 
established blood-stage Plasmodium infection. Nat Immunol. 
2012;13:188–95. 
13. Brooker SJ, Pullan RL, Gitonga CW, Ashton RA, Kolaczinski JH, 
Kabatereine NB, et al. Plasmodium-helminth coinfection and its 
sources of heterogeneity across East Africa. J Infect Dis. 
2012;205:841–52. 
14. Adegnika AA, Kremsner PG. Epidemiology of malaria and 
helminth interaction: a review from 2001 to 2011. Curr Opin HIV 
AIDS. 2012;7:221–4. 
15. Hartgers FC, Yazdanbakhsh M. Co-infection of helminths and 
malaria: modulation of the immune responses to malaria. Parasite 
Immunol. 2006;28:497–506. 
16. Grzych JM, Pearce E, Cheever A, Caulada ZA, Caspar P, Heiny S, 
et al. Egg deposition is the major stimulus for the production of Th2 





Innate and adaptive immune response in schistosomiasis and malaria 
 
6 
17. De Oliveira Fraga LA, Torrero MN, Tocheva AS, Mitre E, Davies 
SJ. Induction of type 2 responses by schistosome worms during 
prepatent infection. J Infect Dis. 2010;201:464–72. 
18. Wammes LJ, Hamid F, Wiria AE, Wibowo H, Sartono E, Maizels 
RM, et al. Regulatory T cells in human lymphatic filariasis: stronger 
functional activity in microfilaremics. PLoS Negl Trop Dis. 
2012;6:e1655. 
19. Nausch N, Midzi N, Mduluza T, Maizels RM, Mutapi F. 
Regulatory and activated T cells in human Schistosoma haematobium 
infections. PLoS One. 2011;6:e16860. 
20. Sabin EA, Araujo MI, Carvalho EM, Pearce EJ. Impairment of 
tetanus toxoid-specific Th1-like immune responses in humans infected 
with Schistosoma mansoni. J Infect Dis. 1996;173:269–72. 
21. Nacher M. Interactions between worms and malaria: good worms 
or bad worms? Malar J. 2011;10:259. 
22. Metenou S, Babu S, Nutman TB. Impact of filarial infections on 
coincident intracellular pathogens: Mycobacterium tuberculosis and 
Plasmodium falciparum. Curr Opin HIV AIDS. 2012;7:231–8. 
23. Sokhna C, Hesran J-YL, Mbaye PA, Akiana J, Camara P, Diop M, 
et al. Increase of malaria attacks among children presenting 
concomitant infection by Schistosoma mansoni in Senegal. Malar J. 
2004;3:43. 
24. Lyke KE, Dicko A, Dabo A, Sangare L, Kone A, Coulibaly D, et al. 
Association of Schistosoma haematobium infection with protection 
against acute Plasmodium falciparum malaria in Malian children. Am J 
Trop Med Hyg. 2005;73:1124–30. 
25. Diallo TO, Remoue F, Schacht AM, Charrier N, Dompnier J-P, 
Pillet S, et al. Schistosomiasis co-infection in humans influences 
inflammatory markers in uncomplicated Plasmodium falciparum 








26. Hartgers FC, Obeng BB, Kruize YCM, Dijkhuis A, McCall M, 
Sauerwein RW, et al. Responses to malarial antigens are altered in 
helminth-infected children. J Infect Dis. 2009;199:1528–35. 
27. Lyke KE, Dabo A, Sangare L, Arama C, Daou M, Diarra I, et al. 
Effects of concomitant Schistosoma haematobium infection on the 
serum cytokine levels elicited by acute Plasmodium falciparum malaria 
infection in Malian children. Infect Immun. 2006;74:5718–24. 
28. Lyke KE, Dabo A, Arama C, Daou M, Diarra I, Wang A, et al. 
Reduced T regulatory cell response during acute Plasmodium 
falciparum infection in Malian children co-infected with Schistosoma 
haematobium. PLoS One. 2012;7:e31647. 
29. Metenou S, Dembele B, Konate S, Dolo H, Coulibaly YI, Diallo 
AA, et al. Filarial infection suppresses malaria-specific multifunctional 
Th1 and Th17 responses in malaria and filarial coinfections. J 
Immunol. 2011;186:4725–33. 
30. Adegnika AA, Zinsou JF, Issifou S, Ateba-Ngoa U, Kassa RF, 
Feugap EN, et al. Randomized, controlled, assessor-blind clinical trial 
to assess the efficacy of single- versus repeated-dose albendazole to 
treat Ascaris lumbricoides, Trichuris trichiura, and hookworm 
infection. Antimicrob Agents Chemother. 2014;58:2535–40. 
31. Ngoa UA, Zinsou JF, Kassa RFK, Feugap EN, Honkpehedji YJ, 
Massinga-Loembe M, et al. Assessment of the effect of Schistosoma 
haematobium co infection on malaria parasites and immune responses 
in rural populations in Gabon: study protocol. SpringerPlus. 
2014;3:388. 
32. Adegnika AA, Verweij JJ, Agnandji ST, Chai SK, Breitling LP, 
Ramharter M, et al. Microscopic and sub-microscopic Plasmodium 
falciparum infection, but not inflammation caused by infection, is 





Innate and adaptive immune response in schistosomiasis and malaria 
 
6 
33. Genser B, Cooper PJ, Yazdanbakhsh M, Barreto ML, Rodrigues 
LC. A guide to modern statistical analysis of immunological data. 
BMC Immunol. 2007;8:27. 
34. Helmy A, Antoniades CA, Guilfoyle MR, Carpenter KLH, 
Hutchinson PJ. Principal component analysis of the cytokine and 
chemokine response to human traumatic brain injury. PLoS One. 
2012;7:e39677. 
35. Everts B, Adegnika AA, Kruize YCM, Smits HH, Kremsner PG, 
Yazdanbakhsh M. Functional impairment of human myeloid dendritic 
cells during Schistosoma haematobium infection. PLoS Negl Trop Dis. 
2010;4:e667. 
36. Meurs L, Labuda L, Amoah AS, Mbow M, Ngoa UA, Boakye DA, 
et al. Enhanced pro-inflammatory cytokine responses following Toll-
like-receptor ligation in Schistosoma haematobium-infected 
schoolchildren from rural Gabon. PLoS One. 2011;6:e24393. 
37. Van der Kleij D, van den Biggelaar AHJ, Kruize YCM, Retra K, 
Fillie Y, Schmitz M, et al. Responses to Toll-like receptor ligands in 
children living in areas where schistosome infections are endemic. J 
Infect Dis. 2004;189:1044–51. 
38. Van Riet E, Everts B, Retra K, Phylipsen M, van Hellemond JJ, 
Tielens AGM, et al. Combined TLR2 and TLR4 ligation in the context 
of bacterial or helminth extracts in human monocyte derived dendritic 
cells: molecular correlates for Th1/Th2 polarization. BMC Immunol. 
2009;10:9. 
39. Agrawal S, Agrawal A, Doughty B, Gerwitz A, Blenis J, Van Dyke 
T, et al. Cutting edge: different Toll-like receptor agonists instruct 
dendritic cells to induce distinct Th responses via differential 
modulation of extracellular signal-regulated kinase-mitogen-activated 
protein kinase and c-Fos. J Immunol. 2003;171:4984–9. 
40. Wammes LJ, Wiria AE, Toenhake CG, Hamid F, Liu KY, Suryani 
H, et al. Asymptomatic plasmodial infection is associated with 








cells and suppressed type 2 immune responses. J Infect Dis. 
2013;207:1590–9. 
41. Turner JD, Meurs L, Dool P, Bourke CD, Mbow M, Dièye TN, et 
al. Schistosome infection is associated with enhanced whole-blood IL-
10 secretion in response to cercarial excretory/secretory products. 
Parasite Immunol. 2013;35:147–56. 
42. Smolen KK, Ruck CE, Fortuno 3rd ES, Ho K, Dimitriu P, Mohn 
WW, et al. Pattern recognition receptor-mediated cytokine response in 
infants across 4 continents. J Allergy Clin Immunol. 2014;133:818–26. 
43. Labuda LA, de Jong SE, Meurs L, Amoah AS, Mbow M, Ateba-
Ngoa U, et al. Differences in innate cytokine responses between 
European and African children. PLoS One. 2014;9:e95241. 
44. Noone C, Parkinson M, Dowling DJ, Aldridge A, Kirwan P, 
Molloy SF, et al. Plasma cytokines, chemokines and cellular immune 
responses in pre-school Nigerian children infected with Plasmodium 
falciparum. Malar J. 2013;12:5. 
45. Diallo TO, Remoue F, Gaayeb L, Schacht A-M, Charrier N, De 
Clerck D, et al. Schistosomiasis coinfection in children influences 
acquired immune response against Plasmodium falciparum malaria 
antigens. PLoS One. 2010;5:e12764. 
46. Netea MG, Quintin J, van der Meer JWM. Trained immunity: a 







The effect of helminth infections on cellular immune 
response of malaria infected subjects: A systematic 




, Ayola Akim Adegnika
1,2,3














 Department of Parasitology, Leiden University Medical Center, 
Albinusdreef 2 2333 ZA Leiden, The Netherlands 
2
 Institut für Tropenmedizin, Universität Tübingen, Wilhelmstraβe 27 
D-72074 Tübingen, Germany 
3
 Centre de Recherches Médicales de Lambaréné, Fondation Albert 
Schweitzer, BP : 118, Lambaréné, Gabon 
4
 Waleus Library, Leiden University Medical Center, Albinusdreef 2 
2333 ZA Leiden, The Netherlands 
5
Department of Medicine I, Division of Infectious Diseases and 
Tropical Medicine, Medical University of Vienna, Vienna, Austria. 
 
 










Chapter 7  
Abstract 
Background 
It has been postulated that helminths can influence the immune 
responses of malaria infected subjects. However, immuno-
epidemiological studies report contradictory results. To summarize 
current available data and factors that may explain the differences 
observed we conducted a meta-analysis. 
Methods 
Articles were searched in 12 online databases. A random effect model 
was computed. Standardized mean difference and their 95% CIs were 
estimated using a “Restricted maximum likelihood estimator”. The 
results were grouped to reflect the different arms of the cellular 
immune response. A moderator analysis was performed to understand 
the variations among the different studies. 
Results 
Of 1256 articles retrieved, 19 were eligible. Our main finding is that 
none of the immune parameters assessed in malaria infected subjects 
were influenced by helminth. Nonetheless, the results of the moderator 
analysis suggested that helminth species, past exposure to helminths, 
co-endemicity with multiple helminths and the type of immunological 
assays might explain this result. 
Discussion and conclusion 
This meta-analysis shows that a concurrent helminth infection does not 
influence the immune response of individuals co-infected with P. 
falciparum. However the moderator analysis also highlights the need 
for more standardized study designs and protocols to assess the 










Over the last decades, the question has arisen as to whether chronic 
helminth infections could have an impact on responses to a concurrent 
Plasmodium spp. infection. This question is important because 
helminths and malaria parasites share the same geographical 
distribution and frequently co-infect the same human host (1,2). From 
an immunological point of view, it has been demonstrated that 
helminths can exert potent modulatory effects on the immune system. 
A chronic helminth infection is usually marked by a Th2 polarized 
immune response (3) and by the induction of a regulatory network that 
can dampen the host immune response to the helminth itself (4–6), to 
other parasites (7,8) as well as to bystander antigens (9,10). A number 
of studies have examined the consequence of such immunological 
changes on malaria co-infection, but these have yielded variable results. 
In an attempt to determine the effect of helminths on immune responses 
during malaria infection in subjects living in areas endemic for both 
malaria and helminthiasis, we have performed a meta-analysis of the 
available observational studies. To our knowledge this is the first of its 
kind. Our objectives were firstly to specifically investigate the effect of 
helminths on response to infection with Plasmodium spp. and secondly 
to identify the factors that could explain the variability observed.  
Methods 
 
Literature search and selection of published articles  
Literature search was carried out by an experienced librarian on the 
13th of February 2014. Articles reporting on helminth and malaria co-
infection in humans were searched in 12 different online databases. 
Databases included PubMed, MEDLINE, Embase, Web of Science, 
ScienceDirect as well as regional databases (See Appendix 1). The 
subject query was applied in all databases taking into account the 
terminological and technical differences between these databases. The 
query consisted of the combination of three subjects: helminths, 
malaria, and cellular immune response. Various synonyms and related 
terms for all subjects were used. Results were limited to human studies 
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include any restriction on date of publication nor on language. Once 
identified, all articles were imported and stored into Reference 
Manager 12. Title and abstract of the identified articles were first 
screened for their relevance. Full texts of articles that passed this 
screening step were then consulted to check whether they were eligible 
for the meta-analysis. We considered eligible articles those that 1) 
reported results of a cross sectional, longitudinal or case control study, 
2) were conducted in humans living in countries where helminth and 
malaria are endemic, 3) compared helminth and Plasmodium spp. co-
infected subjects to subjects with single Plasmodium spp. infection  4) 
assessed the cellular immune response of the included participants. We 
excluded animal studies and case report studies in human. Studies were 
included regardless of their sample size, or whether or not they reported 
a randomization procedure for the selection of the participants.   
Data extraction 
Data were extracted from the eligible articles and saved in an electronic 
database. The type of data extracted were related to publication 
identification (author names, journal and year of publication) or to the 
study (objectives, study site, age group, type of helminths, Plasmodium 
species, type of immunological assays and the type of readouts for 
those assays as well as the  statistical test used). In cases where 
multiple groups were assessed, we only extracted the data pertaining to 
the two groups of interest for our analysis. The mean and the standard 
deviation were extracted in order to calculate the effect size. When this 
information was not available in the text, they were calculated based on 
analysis of raw data provided by the authors or estimated from the 
available statistics. Authors were contacted when data were not 
available or when additional information was needed. 
Statistical analysis 
The statistical analysis was performed using R statistical software 
version 3.0.1 with his package metafor (version 1.9.2) and the 
integrated development environment Rstudio version 0.97.551. We 
used a random effect model for our meta-analysis since we assumed a 
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study to the next that could lead to heterogeneity among the measured 
true effect.  
Standardized mean difference (SMD) and their 95% CIs were estimated 
using a “Restricted maximum likelihood estimator” (REML). For a 
more comprehensible and systematic approach results reported in the 
selected articles were grouped in categories reflecting the Th1, Th2 or 
Th17 arm of the cellular immune response. Additional groups included 
results reporting on regulatory cytokines and regulatory T cells. 
Authors usually report results of more than one cytokine, for example 
TNF and IFN-γ for the Th1 cytokine group. Therefore our data were 
not considered independent and a multiple treatment meta-analysis was 
performed to take into account the dependency of the data. The unit of 
analysis was the article identification number. 
A sensitivity analysis was conducted to assess the influence of 
moderators on the robustness of the results. The following moderator 
variables were considered 1) the type of helminth assessed 
(Schistosoma only, intestinal helminths only, filaria only or 
Schistosoma plus intestinal helminths), 2) the source of the cytokines 
(serum or plasma, intracellular or supernatants of stimulated cells) and 
3) the type of stimuli used for stimulated cells (iRBCs, Malaria 
antigens, MSP1-19, LPS, LPS + Zymozan, PHA or PMA + 
ionomycin). 
Results 
Description of the selected articles 
Figure 1 describes the selection process of the articles included in the 
meta-analysis. A description of the 19 eligible articles is given in table 
1. The  majority of  studies (n = 17) were conducted in Africa 
(Nigeria:2 (22,25), Senegal:3 (26–28), Mali:7(11,13–15,19,21,23), 
Ghana:3 (8,18,20), Kenya: 2(16,17)) and two in Asia (India:1 (12), 
Indonesia:1(24)). Twelve studies were cross-sectional (8,14,16–
20,22,24,25,27,28), 3 used case-control design (12,15,21), 1 was 
longitudinal (26) and 3 studies from the same authors combined a 
longitudinal and a case control design (11,13,23). The age range varied 
but majority of the studies (17 in total) included school aged children, 
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conducted in adults (12,28). When added together the total sample size 
was 2501 subjects (table 1). 
 
 
Records identified through database searching 
N= 1256




Records excluded  after screening title 
and abstract : N=  541
Full article assessed for eligibility
N=  33
Full text article excluded  with reasons:
N=  14
Review article: 1
Not on co-infection: 5
Conference abstract: 5



























n Studies included in meta-analysis
•With data available: N = 10
•With data unavailable: N = 9
 
Figure 1: Flow chart showing the selection process of the articles 
included in the meta-analysis 
 
Th1 and pro-inflammatory response 
A total of 18 articles assessed the effect of helminths on the Th1/pro-
inflammatory immune response of malaria co-infected subjects (8,12–
28). Eight of the articles were not included in the meta-analysis because 
no raw data were available (12,15,17–19,24,26,28). From the 10 
articles that were used, the Th1/pro-inflammatory responses were 
characterized based on the levels of IFN-γ (8,13,14,16,20–22,25,27), 
TNF (8,13,14,16,20–22,25), IL-12 (27), IL-12p40 (16), IL12-p70 
(13,21), IL-2 (11,13,22),  IL-8 (13,25), IL-1b (13), sTNFr (16). These 
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participants (13,16,22,25) or in supernatants obtained after stimulation 
of whole blood or PBMC (8,14,18,21,27). Intracellular cytokines in T 
cells were also taken along (14). The result of our meta-analysis is 
displayed in figure 2. Results indicate variation on the standardized 
mean difference of the cytokine of interest. For example in the case of 
TNF, 2 out of the 12 effect sizes reported showed a decrease in its level 
in helminth/malaria co-infected subjects in comparison with subjects 
with malaria only. In one study an increase of the effect size was 
observed in co-infected subjects whereas in 8 cases no significant 
difference was observed between malaria single infected and co-
infected subjects. The pooled standardized mean difference was not 
significantly different between co-infected and single P. falciparum 
infected subjects (TNF SMD =-0.44 (95%CI [-1.33, 0.45], p = 0.33). 
This implies that helminth infections are not associated with a 
significant impairment of TNF response in malaria infected subjects 
although a trend toward a decrease was seen. IFN-γ another important 
Th1 cytokine was assessed in 9 studies that reported 16 different 
results. As shown in Figure 2, 2/16 results were in line with an increase 
of IFN-γ levels in co-infected subjects and 1/16 showed a decrease of 
this cytokines in the coinfected group by comparison to P. falciparum 
single infected subjects. In 13/16 studies no significant effect of 
helminths on IFN-γ response was seen in subjects with malaria. The 
pooled estimate of the effect size showed no overall effect of helminths 
on IFN-γ response (IFN-γ SMD = 0, 95%CI [-1.36, 1.36], p = 1). 
Similarly no effect of helminths was observed on the levels of IL-2, IL-
8 or IL-12. When data of all the Th1/Pro-inflammatory cytokines were 
pooled, we failed to find a significant difference between helminth and 
malaria co-infected subjects in comparison to subjects with single P. 
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Figure 2: Forest plot of meta-analysis investigating the effect of helminth co-
infection on the Th1/pro-inflammatory cytokines of P. falciparum infected subjects. 
The standardized mean difference (SMD) for each experiment is shown as a black 
square with 95% confidence intervals (CIs). The blue diamond represents the pooled 
estimate of the SMD for subgroup while the pooled estimate for all groups is shown at 
the bottom of the figure. Positive SMD indicates an increase of the Th1/pro-
inflammatory cytokines in helminth and P. falciparum co-infected subjects by 








From the articles reporting on Th2 immune response that were eligible 
for the meta-analysis, 8 reported results on IL-4, IL-5, IL-13 cytokines 
that are known to be part of the Th2 response(8,13,14,16,20,22,25,27). 
In addition Metenou et al. assessed the Th2 immune response by 
characterizing multifunctional T cells that express IL-4, IL-5 and/or IL-
10 (14). As depicted in figure 3 not much variation was observed in the 
reported effect of helminths on malaria regarding the Th2 cytokine 
responses assessed. Regardless of the cytokine, no difference was 
observed between the helminth and malaria co-infected compared to 
those subjects with P. falciparum only. The only exception to this 
observation was an increase of IL-4 and IL-5 in co-infected subjects 
reported by Nmorsi et al.(25) and an increase of IL-13 as indicated by 
the data from by Boef et al. (20).The overall pooled effect size did not 
reveal any difference between the two groups compared (Overall SMD 
= 0.24, 95% CI [-0.22, 0.69], p = 0.3). 
 
Figure 3: Forest plot of meta-analysis investigating the effect of helminth co-infection on the Th2 
cytokines cytokines of P. falciparum infected subjects. The standardized mean difference (SMD) for each 
experiment is shown as a black square with 95% confidence intervals (CIs). The blue diamond represents 
the pooled estimate of the SMD for subgroup while the pooled estimate for all groups is shown at the 
bottom of the figure. Positive SMD indicates an increase of the Th2 cytokines in helminth and P. 
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Regulatory cytokines 
IL-10 and TGF-β were the two regulatory cytokines studied (figure 4). 
The effect sizes of these cytokines were reported in 10 different articles 
that had generated 20 different results (8,13,14,16,18,20–22,25,27). A 
total of 16 different results obtained from 9 articles (8,13,14,16,20–
22,25,27) reported on IL-10 which was found to be significantly higher 
in co-infected subjects for 4/16 studies (8,14,21,27). Conversely 1/16 
showed a significant decrease of this cytokine in the co-infected group 
by comparison to subjects with P. falciparum only (13). Overall the 
meta-analysis revealed no significant effect of helminths on the IL-10 
levels of malaria infected subjects despite a tendency for an increase in 
co-infected group (IL-10 SMD = 0.22, 95% CI [-0.12, 0.55], p =0.21). 
On the other hand data on the TGF-β were available from 3 articles 
which reported 4 results (16,22,27). Overall no differences were 
observed between co-infected and the malaria only group (TGF-β 
SMD= -0.12, 95% CI [-0.33, 0.09], p = 0.26). Finally the overall 
pooled estimate was not significantly different between the two groups 




Data on the Th17 cytokines were available from 4 articles (14,20–22). 
They reported 7 different results that were included in the meta-
analysis shown in Figure 5. A significant decrease of IL-17 was 
observed in 2 of the results in the helminth and malaria coinfected 
group (14,21). The remaining five available results did not show a 
significant effect of helminths on Th-17 response to P. falciparum 
infected subjects. Finally the pooled effect size did not differ 
significantly between the groups (Overall SMD =-0.17, 95% CI [-0.59, 









Figure 4: Forest plot of meta-analysis investigating the effect of helminth co-infection on the 
regulatory cytokines of P. falciparum infected subjects. The standardized mean difference 
(SMD) for each experiment is shown as a black square with 95% confidence intervals (CIs). 
The blue diamond represents the pooled estimate of the SMD for subgroup while the pooled 
estimate for all groups is shown at the bottom of the figure. Positive SMD indicates an increase 
of the regulatory cytokines in helminth and P. falciparum co-infected subjects by comparison 
to subjects with P. falciparum infection only. 
 
Figure 5: Forest plot of meta-analysis investigating the effect of helminth co-infection on the 
Th17 cytokines of P. falciparum infected subjects. The standardized mean difference (SMD) 
for each experiment is shown as a black square with 95% confidence intervals (CIs). The blue 
diamond represents the pooled estimate of the SMD for subgroup while the pooled estimate for 
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cytokines in helminth and P. falciparum co-infected subjects by comparison to subjects with P. 
falciparum infection only. 
Regulatory T cells 
Data on the Regulatory T cells (Treg) were available from two different 
studies (11,14). They reported opposite effects.  In one of these studies 
an increase in the frequency of Treg was reported (SMD= 0.86, 95%CI 
[0.09. 1.64]) (11) whereas in the other a lower frequency of Treg was 
observed (14) in co-infected subjects (SMD=-1.02, 95%CI [-1.69, -
0.34]). The overall pooled effect was not significantly different 
between the groups (Overall SMD = -0.09, 95%CI [-1.93, 1.76], p = 
0.9). 
Publication bias 
The presence of publication bias was assessed for the pooled effect size 
of the Th1, Th2 and the regulatory cytokine responses by scrutinizing 
their respective funnel plot. As shown in figure 6 funnel plots of the 
Th1 and regulatory cytokine responses show a roughly symmetrical 
structure indicating the absence of publication bias. Funnel plot for Th2 
showed a slight asymmetry. Presence of publication bias was not 
assessed for the Th17 response nor for the regulatory T cells due to the 








Figure 6: Funnel plot analysis to detect publication bias. The left panel shows funnel plot 
performed on the results published for the Th1/Pro-inflammatory cytokines whereas the middle 
and the right panels show funnel plots for the Th2 and the Regulatory cytokines. Each point 
represents a single result. 
Moderator analysis 
We conducted a moderator analysis to determine to what extent 
differences in methodologies or the characteristics of the populations 
assessed could have influenced the outcome of our meta-analysis. The 
moderator analysis was performed on the pooled estimate of the Th1, 
Th2, Th17 and regulatory cytokines effect size. The moderator analysis 
was not conducted on the effect size of the Regulatory T cells since 
only two results were available. As shown in Table 2 we observed that 
of the helminths studied filaria infection was associated with a 
significant decrease of the Th1 and the Th17 response in subjects with 
malaria (respectively Th1 SMD = -1.1, 95%CI [-2, -0.2], p =0.01 and 
Th17 SMD = -0.5, 95%CI[-1,-0.1], p = 0.008) along with a significant 
increase of the regulatory cytokines in the same group (Regulatory 
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specific effect. It was noted that studies on filarial infection utilised an 
IgG diagnostic test that could also exclude past exposure to filarial 
infection. An increase of the regulatory cytokines was also observed 
when subjects with malaria were co-infected with both schistosoma and 
intestinal helminths (Regulatory cytokines SMD = 0.6, 95%CI [0.02, 
1.1], p=0.04). This might indicate that not only the species of helminths 
but also the number of helminths species infecting the human host 
might influence the effect on the host immune system. When 
considering the second moderator variable (type of cytokines 
measurement) we noted that the pooled estimate of the Th17 response 
was higher in the co-infected group when this cytokine was measured 
intracellularly (Th17 SMD = -0.9, 95%CI[-1.4, -0.3], p = 0.002). 
Finally we observed that the use of PHA as a stimulus resulted in a 
significantly higher effect size of the Th2 response in the co-infected 
group (Th2 SMD = 0.2, 95%CI [0.09, 0.4], p = 0.008) whereas the use 
of iRBCs led to a significant increase in the regulatory cytokines in the 























The Th1 response has been shown to be important for control of 
Plasmodium spp. infection. Experimental animal studies have indicated 
that mice that lack the ability to produce IFN-γ were unable to control 
the malaria parasites and died (29). In humans, Th1 type and pro 
inflammatory responses are also important for P. falciparum specific 
immunity since increased levels of IFN-γ and TNF have repeatedly 
been observed in malaria infected subjects and have been linked with 
protection from infection (30,31). In Gabon, a longitudinal study 
showed that individuals with an IFN-γ response to P. falciparum liver 
stage antigens had a significantly delayed time to re-infection and a low 
rate of re-infection compared to their non–responders counterpart (32). 
Helminths known as strong inducers of the Th2 response have been 
shown to increase (15,22,25,27,28), decrease (13,14,21,25) or have no 
effect (8,12–16,19,20,22,27,28) on Th1 response in P. falciparum 
infected individuals. These studies have been included in the current 
meta-analysis and when pooled together yielded an effect size that 
suggests no significant impact of helminths on Th1 response to malaria. 
In humans, IL-4 (31,33) and IL-13 (31) have been reported to be 
increased in individuals with uncomplicated malaria and might be 
further expanded in helminth co-infected subjects. Here out of the 23 
results included in the meta-analysis only two showed an increase of 
IL-4 and IL-5 respectively in the co-infected groups. Furthermore the 
pooled effect did not yield any significant difference between the two 
groups despite a tendency for an increase in subjects co-infected with 
helminth and malaria. Similarly the results of the regulatory response 
and Th17 which has been shown to be expanded during P. falciparum 
infection did not show any change as a result of helminth co-infection. 
People are usually exposed to helminth antigens already in utero (34), 
they get infected early in life (35) and most of the time they are 
infected with more than one helminth species (36). In this context it 
would be difficult to identify individuals that are truly free of helminths 
not only for current but also for past infections. It is most likely that the 
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infected with more than one type of helminths, or had been exposed to 
helminths antigens prior to their participation in the studies. This is of 
particular interest for the interpretation of our results since; i) past 
exposure to helminth antigens could imprint the host immune system in 
lasting manner (37) and ii) host immune system could be modulated by 
antigens from different helminths species (38). One major limitation of 
the studies included in this meta-analysis is that most of them were 
cross sectional in design thus could not provide information on past 
exposure to helminths. Moreover as already alluded to, the studies 
mainly focused on one helminth species and therefore were not able to 
assess the confounding effect of other helminth infections. 
This is supported by the moderator analysis we conducted to assess 
whether the effect of helminths on the cytokine response of P. 
falciparum infected subjects was dependent on the species of helminths 
assessed. Of the different helminth species examined in the studies 
included we noted that malaria co-infection with filaria in an area 
where no other helminths were endemic was associated with a 
significant decrease in the Th1/Pro-inflammatory as well as the Th17 
response and with an increase of regulatory cytokines. However only 
two studies assessed the effect of filarial parasites on the immune 
response of malaria infected subjects and these were both reported by 
the same authors. Furthermore microscopic examination was used to 
determine current filarial infection whereas past infection 
with/exposure to filaria was ascertained by the detection of IgG to 
filarial antigens (14,21). With such a methodology it was possible to 
identify subjects that were truly free of filarial infection and therefore 
possible to show an effect of this helminth on the Th1 response of P. 
falciparum infected subjects. 
The moderator analysis we performed was of particular importance in 
determining the factors that could influence the result of our meta-
analysis. In addition to the type of helminths the details of the 
immunological assays used were important. For example the Th2 
response was more pronounced in individuals coinfected with 
helminths and P. falciparum if PHA was used as stimulus. Similarly 
regulatory cytokine were more pronounced in subjects from the co-
infected group if their cells were cultured with iRBCs rather than any 




A meta-analysis of observational studies on coinfection  
 
7 
heterogeneity is mainly created by the various study designs and 
methodologies used. However this should not be seen as an obstacle for 
conducting a meta-analysis since the first aim of such an approach is to 
summarize studies that have inherent differences. Furthermore, it is 
possible, to use a random effect model (as we did here), to take into 
account the observed heterogeneity. Limitations of this meta-analysis 
are related to the fact that in the majority of the articles included, the 
selection of participants was not randomized, studies were cross 
sectional or sample sizes were small. These situations are well known 
and well described for meta-analyses conducted on observational 
studies that are by definition less strict than meta-analysis of 
randomized controlled trials in design (39–41). However due to the 
importance of such an analysis for summarizing results and informing 
researchers, meta-analysis is preferred to narrative review (40). It could 
be misleading to extend our results to all the components of the 
immune system. Indeed with the advances in technologies, the immune 
system appears more and more complex and this meta-analysis has 
only considered a fraction of this complexity. For example, due to the 
paucity of data, we were not able to assess whether the B cells or 
antibody responses of malaria infected subjects were affected by a 
concurrent helminth infection. Similarly neither cells involved in innate 
immunity nor the distribution of the different T cells subsets was 
assessed.  
In conclusion this meta-analysis summarizes the results of immuno-
epidemiological studies that assessed the effect of helminths on the 
cellular immune response of P. falciparum infected subjects. Our 
results indicate that current helminth infections do not affect P. 
falciparum associated immune response. However it is not clear 
whether this is due to the fact that individuals considered as free of 
helminths could have been exposed earlier in their life or could have 
harboured other helminth species also capable of modulating their 
immune response. Further studies will be needed to address this. 
Moreover this meta-analysis also highlights the need for more 
standardized study design and methodologies to assess the effect of 
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AIM (African Index Medicus) http://indexmedicus.af
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LILACS (Latin America and the Caribbean) http://lilacs.bvsalud.or
g/en/ 
WPRIM (Western Pacific Region Index Medicus) http://www.wprim.org
/ 
Appendix 2:  keywords used for the search strategy 
Database Query 
PubMed ("Helminthiasis"[Mesh] OR "helminthiasis"[all fields] OR 
"helminthiases"[all fields] OR "Nematomorpha Infection"[all 
fields] OR "Nematomorpha Infections"[all fields] OR "Cestode 
Infections"[all fields] OR "Diphyllobothriasis"[all fields] OR 
"Echinococcosis"[all fields] OR "Hymenolepiasis"[all fields] OR 
"Monieziasis"[all fields] OR "Taeniasis"[all fields] OR 
"Dictyocaulus Infections"[all fields] OR "Dirofilariasis"[all fields] 
OR "Fascioloidiasis"[all fields] OR "Monieziasis"[all fields] OR 
"Setariasis"[all fields] OR "Equine Strongyle Infections"[all fields] 
OR "Toxocariasis"[all fields] OR "Nematode Infections"[all fields] 
OR "Adenophorea Infections"[all fields] OR "Larva Migrans"[all 
fields] OR "Secernentea Infections"[all fields] OR "Trematode 
Infections"[all fields] OR "Clonorchiasis"[all fields] OR 
"Dicrocoeliasis"[all fields] OR "Echinostomiasis"[all fields] OR 
"Fascioliasis"[all fields] OR "Fascioloidiasis"[all fields] OR 
"Opisthorchiasis"[all fields] OR "Paragonimiasis"[all fields] OR 
"Schistosomiasis"[all fields] OR "Cestode Infection"[all fields] OR 
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Infection"[all fields] OR "Nematode Infection"[all fields] OR 
"Adenophorea Infection"[all fields] OR "Secernentea Infection"[all 
fields] OR "Trematode Infection"[all fields] OR "Sparganosis"[all 
fields] OR "Cysticercosis"[all fields] OR "Neurocysticercosis"[all 
fields] OR "Enoplida Infections"[all fields] OR "Enoplida 
Infection"[all fields] OR "Trichinellosis"[all fields] OR 
"Trichuriasis"[all fields] OR "Ascaridida Infections"[all fields] OR 
"Ascaridida Infection"[all fields] OR "Anisakiasis"[all fields] OR 
"Ascariasis"[all fields] OR "Ascaridiasis"[all fields] OR 
"Toxascariasis"[all fields] OR "Toxocariasis"[all fields] OR 
"Oxyurida Infections"[all fields] OR "Oxyurida Infection"[all 
fields] OR "Oxyuriasis"[all fields] OR "Enterobiasis"[all fields] OR 
"Rhabditida Infections"[all fields] OR "Rhabditida Infection"[all 
fields] OR "Strongyloidiasis"[all fields] OR "Spirurida 
Infections"[all fields] OR "Spirurida Infection"[all fields] OR 
"Dracunculiasis"[all fields] OR "Filariasis"[all fields] OR 
"Acanthocheilonemiasis"[all fields] OR "Dipetalonema 
Infections"[all fields] OR "Dipetalonema Infection"[all fields] OR 
"Dirofilariasis"[all fields] OR "Filarial Elephantiasis"[all fields] OR 
"Loiasis"[all fields] OR "Mansonelliasis"[all fields] OR 
"Onchocerciasis"[all fields] OR "Setariasis"[all fields] OR 
"Gnathostomiasis"[all fields] OR "Strongylida Infections"[all 
fields] OR "Hookworm Infections"[all fields] OR "Strongylida 
Infection"[all fields] OR "Hookworm Infection"[all fields] OR 
"Ancylostomiasis"[all fields] OR "Necatoriasis"[all fields] OR 
"Oesophagostomiasis"[all fields] OR "Strongyle Infections"[all 
fields] OR "Strongyle Infection"[all fields] OR 
"Trichostrongyloidiasis"[all fields] OR "Dictyocaulus 
Infections"[all fields] OR "Dictyocaulus Infection"[all fields] OR 
"Haemonchiasis"[all fields] OR "Ostertagiasis"[all fields] OR 
"Trichostrongylosis"[all fields] OR "Neuroschistosomiasis"[all 
fields] OR "Helminths"[Mesh] OR "Helminths"[all fields] OR 
"Helminth"[all fields] OR "Parasitic Worms"[all fields] OR 
"Parasitic Worm"[all fields] OR "Aschelminthes"[all fields] OR 
"Aschelminthe"[all fields] OR "Gordius"[all fields] OR 
"Nematomorpha"[all fields] OR "Nematomorphas"[all fields] OR 
"Acanthocephala"[all fields] OR "Moniliformis"[all fields] OR 
"Nematoda"[all fields] OR "Adenophorea"[all fields] OR 
"Secernentea"[all fields] OR "Platyhelminths"[all fields] OR 
"Cestoda"[all fields] OR "Trematoda"[all fields] OR 
"Turbellaria"[all fields] OR "Rotifera"[all fields] OR "Enoplida"[all 
fields] OR "Dioctophymatoidea"[all fields] OR "Mermithoidea"[all 
fields] OR "Trichuroidea"[all fields] OR "Capillaria"[all fields] OR 
"Trichinella"[all fields] OR "Trichinella spiralis"[all fields] OR 
"Trichuris"[all fields] OR "Ascaridida"[all fields] OR 
"Ascaridia"[all fields] OR "Ascaridoidea"[all fields] OR 
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lumbricoides"[all fields] OR "Ascaris suum"[all fields] OR 
"Toxascaris"[all fields] OR "Toxocara"[all fields] OR "Toxocara 
canis"[all fields] OR "Oxyurida"[all fields] OR "Oxyuroidea"[all 
fields] OR "Enterobius"[all fields] OR "Rhabditida"[all fields] OR 
"Rhabdiasoidea"[all fields] OR "Strongyloides"[all fields] OR 
"Rhabditoidea"[all fields] OR "Caenorhabditis"[all fields] OR 
"Spirurida"[all fields] OR "Camallanina"[all fields] OR 
"Dracunculoidea"[all fields] OR "Dracunculus Nematode"[all 
fields] OR "Spirurina"[all fields] OR "Filarioidea"[all fields] OR 
"Acanthocheilonema"[all fields] OR "Brugia "[all fields] OR 
"Dipetalonema"[all fields] OR "Dirofilaria "[all fields] OR 
"Loa"[all fields] OR "Mansonella"[all fields] OR "Microfilaria"[all 
fields] OR "Onchocerca "[all fields] OR "Setaria Nematode"[all 
fields] OR "Wuchereria"[all fields] OR "Spiruroidea"[all fields] OR 
"Thelazioidea"[all fields] OR "Gnathostoma"[all fields] OR 
"Strongylida"[all fields] OR "Ancylostomatoidea"[all fields] OR 
"Ancylostoma"[all fields] OR "Necator"[all fields] OR "Necator 
americanus"[all fields] OR "Heligmosomatoidea"[all fields] OR 
"Nematospiroides"[all fields] OR "Nematospiroides dubius"[all 
fields] OR "Nippostrongylus"[all fields] OR 
"Metastrongyloidea"[all fields] OR "Angiostrongylus"[all fields] 
OR "Molineoidae"[all fields] OR "Nematodirus"[all fields] OR 
"Strongyloidea"[all fields] OR "Oesophagostomum"[all fields] OR 
"Strongylus"[all fields] OR "Trichostrongyloidea"[all fields] OR 
"Dictyocaulus"[all fields] OR "Haemonchus"[all fields] OR 
"Ostertagia"[all fields] OR "Trichostrongylus"[all fields] OR 
"Tylenchida"[all fields] OR "Tylenchoidea"[all fields]) AND 
("Malaria"[Mesh] OR malaria* OR "malaria"[all fields] OR 
"Paludism"[all fields] OR "Plasmodium Infections"[all fields] OR 
"Plasmodium Infection"[all fields]) AND ("Immunity, 
Cellular"[Mesh] OR "cellular immune response"[all fields] OR 
"cellular immune responses"[all fields] OR "Cellular 
Immunities"[all fields] OR "Cellular Immunity"[all fields] OR 
"Cell-Mediated Immunity"[all fields] OR "Cell Mediated 
Immunity"[all fields] OR "Cell-Mediated Immunities"[all fields] 
OR "Antigen Presentation"[all fields] OR "Immunologic 
Surveillance"[all fields] OR "Lymphocyte Activation"[all fields] 
OR "Cross-Priming"[all fields] OR "Cytokines"[mesh] OR 
"cytokines"[all fields] OR "cytokine"[all fields] OR "CD4-Positive 
T-Lymphocytes"[Mesh] OR "Antigens, CD4"[Mesh] OR "cd4"[all 
fields] OR "cd-4"[all fields] OR "t cell"[all fields] OR "t cells"[all 
fields] OR "T-Lymphocytes"[Mesh] OR "T-Lymphocyte"[all 
fields] OR "T-Lymphocytes"[all fields] OR "b cell" OR "b cells"  
OR "B-Lymphocytes"[Mesh] OR "B-Lymphocyte"[all fields] OR 
"B-Lymphocytes"[all fields] OR "Dendritic Cells"[Mesh] OR 
"Dendritic Cells"[all fields] OR "Dendritic Cell"[all fields] OR 
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Thromboglobulin"[all fields] OR "Macrophage Inflammatory 
Proteins"[all fields] OR "Growth Differentiation Factor"[all fields] 
OR "Growth Differentiation Factors"[all fields] OR "Hematopoietic 
Cell Growth Factors"[all fields] OR "Hematopoietic Cell Growth 
Factor"[all fields] OR "Haematopoietic Cell Growth Factors"[all 
fields] OR "Haematopoietic Cell Growth Factor"[all fields] OR 
"Colony-Stimulating Factors"[all fields] OR "Colony-Stimulating 
Factor"[all fields] OR "Stem Cell Factor"[all fields] OR "Stem Cell 
Factors"[all fields] OR "Hepatocyte Growth Factor"[all fields] OR 
"Hepatocyte Growth Factors"[all fields] OR "Interferons"[all fields] 
OR "Interferon"[all fields] OR "Interleukin"[all fields] OR 
"Interleukins"[all fields] OR Interleukin*[all fields] OR "Leukemia 
Inhibitory Factor"[all fields] OR "Leukemia Inhibitory Factors"[all 
fields] OR "Lymphokines"[all fields] OR "Lymphokine"[all fields] 
OR "Leukocyte Migration-Inhibitory Factors"[all fields] OR 
"Leukocyte Migration-Inhibitory Factor"[all fields] OR 
"Lymphotoxin-alpha"[all fields] OR "Macrophage-Activating 
Factors"[all fields] OR "Macrophage Migration-Inhibitory 
Factors"[all fields] OR "Macrophage-Activating Factor"[all fields] 
OR "Macrophage Migration-Inhibitory Factor"[all fields] OR 
"Transfer Factor"[all fields] OR "Transfer Factors"[all fields] OR 
"Monokines"[all fields] OR "Monokine"[all fields] OR "Tumor 
Necrosis Factor"[all fields] OR "Tumor Necrosis Factors"[all 
fields] OR "Tumour Necrosis Factor"[all fields] OR "Tumour 
Necrosis Factors"[all fields] OR "Oncostatin M"[all fields] OR 
"Osteopontin"[all fields] OR "Transforming Growth Factor"[all 
fields] OR "Transforming Growth Factors"[all fields] OR "4-1BB 
Ligand"[all fields] OR "CD70"[all fields] OR "B-Cell Activating 
Factor"[all fields] OR "B-Cell Activating Factors"[all fields] OR 
"CD30"[all fields] OR "CD40"[all fields] OR "Ectodysplasins"[all 
fields] OR "Fas Ligand Protein"[all fields] OR "Fas Ligand 
Proteins"[all fields] OR "Lymphotoxin-alpha"[all fields] OR 
"Lymphotoxin-beta"[all fields] OR "OX40 Ligand"[all fields] OR 
"RANK Ligand"[all fields] OR "TNF"[all fields] OR "dendritic"[all 




(exp Helminthiasis/ OR "helminthiasis".af OR "helminthiases".af 
OR "Nematomorpha Infection".af OR "Nematomorpha 
Infections".af OR "Cestode Infections".af OR 
"Diphyllobothriasis".af OR "Echinococcosis".af OR 
"Hymenolepiasis".af OR "Monieziasis".af OR "Taeniasis".af OR 
"Dictyocaulus Infections".af OR "Dirofilariasis".af OR 
"Fascioloidiasis".af OR "Monieziasis".af OR "Setariasis".af OR 
"Equine Strongyle Infections".af OR "Toxocariasis".af OR 
"Nematode Infections".af OR "Adenophorea Infections".af OR 




A meta-analysis of observational studies on coinfection  
 
7 
Infections".af OR "Clonorchiasis".af OR "Dicrocoeliasis".af OR 
"Echinostomiasis".af OR "Fascioliasis".af OR "Fascioloidiasis".af 
OR "Opisthorchiasis".af OR "Paragonimiasis".af OR 
"Schistosomiasis".af OR "Cestode Infection".af OR "Dictyocaulus 
Infection".af OR "Equine Strongyle Infection".af OR "Nematode 
Infection".af OR "Adenophorea Infection".af OR "Secernentea 
Infection".af OR "Trematode Infection".af OR "Sparganosis".af OR 
"Cysticercosis".af OR "Neurocysticercosis".af OR "Enoplida 
Infections".af OR "Enoplida Infection".af OR "Trichinellosis".af 
OR "Trichuriasis".af OR "Ascaridida Infections".af OR "Ascaridida 
Infection".af OR "Anisakiasis".af OR "Ascariasis".af OR 
"Ascaridiasis".af OR "Toxascariasis".af OR "Toxocariasis".af OR 
"Oxyurida Infections".af OR "Oxyurida Infection".af OR 
"Oxyuriasis".af OR "Enterobiasis".af OR "Rhabditida Infections".af 
OR "Rhabditida Infection".af OR "Strongyloidiasis".af OR 
"Spirurida Infections".af OR "Spirurida Infection".af OR 
"Dracunculiasis".af OR "Filariasis".af OR 
"Acanthocheilonemiasis".af OR "Dipetalonema Infections".af OR 
"Dipetalonema Infection".af OR "Dirofilariasis".af OR "Filarial 
Elephantiasis".af OR "Loiasis".af OR "Mansonelliasis".af OR 
"Onchocerciasis".af OR "Setariasis".af OR "Gnathostomiasis".af 
OR "Strongylida Infections".af OR "Hookworm Infections".af OR 
"Strongylida Infection".af OR "Hookworm Infection".af OR 
"Ancylostomiasis".af OR "Necatoriasis".af OR 
"Oesophagostomiasis".af OR "Strongyle Infections".af OR 
"Strongyle Infection".af OR "Trichostrongyloidiasis".af OR 
"Dictyocaulus Infections".af OR "Dictyocaulus Infection".af OR 
"Haemonchiasis".af OR "Ostertagiasis".af OR 
"Trichostrongylosis".af OR "Neuroschistosomiasis".af OR exp 
Helminths/ OR "Helminths".af OR "Helminth".af OR "Parasitic 
Worms".af OR "Parasitic Worm".af OR "Aschelminthes".af OR 
"Aschelminthe".af OR "Gordius".af OR "Nematomorpha".af OR 
"Nematomorphas".af OR "Acanthocephala".af OR 
"Moniliformis".af OR "Nematoda".af OR "Adenophorea".af OR 
"Secernentea".af OR "Platyhelminths".af OR "Cestoda".af OR 
"Trematoda".af OR "Turbellaria".af OR "Rotifera".af OR 
"Enoplida".af OR "Dioctophymatoidea".af OR "Mermithoidea".af 
OR "Trichuroidea".af OR "Capillaria".af OR "Trichinella".af OR 
"Trichinella spiralis".af OR "Trichuris".af OR "Ascaridida".af OR 
"Ascaridia".af OR "Ascaridoidea".af OR "Anisakis".af OR 
"Ascaris".af OR "Ascaris lumbricoides".af OR "Ascaris suum".af 
OR "Toxascaris".af OR "Toxocara".af OR "Toxocara canis".af OR 
"Oxyurida".af OR "Oxyuroidea".af OR "Enterobius".af OR 
"Rhabditida".af OR "Rhabdiasoidea".af OR "Strongyloides".af OR 
"Rhabditoidea".af OR "Caenorhabditis".af OR "Spirurida".af OR 
"Camallanina".af OR "Dracunculoidea".af OR "Dracunculus 
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"Acanthocheilonema".af OR "Brugia ".af OR "Dipetalonema".af 
OR "Dirofilaria ".af OR "Loa".af OR "Mansonella".af OR 
"Microfilaria".af OR "Onchocerca ".af OR "Setaria Nematode".af 
OR "Wuchereria".af OR "Spiruroidea".af OR "Thelazioidea".af OR 
"Gnathostoma".af OR "Strongylida".af OR "Ancylostomatoidea".af 
OR "Ancylostoma".af OR "Necator".af OR "Necator 
americanus".af OR "Heligmosomatoidea".af OR 
"Nematospiroides".af OR "Nematospiroides dubius".af OR 
"Nippostrongylus".af OR "Metastrongyloidea".af OR 
"Angiostrongylus".af OR "Molineoidae".af OR "Nematodirus".af 
OR "Strongyloidea".af OR "Oesophagostomum".af OR 
"Strongylus".af OR "Trichostrongyloidea".af OR "Dictyocaulus".af 
OR "Haemonchus".af OR "Ostertagia".af OR "Trichostrongylus".af 
OR "Tylenchida".af OR "Tylenchoidea".af) AND (exp Malaria/ OR 
malaria*.af OR "malaria".af OR "Paludism".af OR "Plasmodium 
Infections".af OR "Plasmodium Infection".af) AND (exp Immunity, 
Cellular/ OR cellular immune response.af OR cellular immune 
responses.af OR Cellular Immunities.af OR Cellular Immunity.af 
OR Cell-Mediated Immunity.af OR Cell Mediated Immunity.af OR 
Cell-Mediated Immunities.af OR Antigen Presentation.af OR 
Immunologic Surveillance.af OR Lymphocyte Activation.af OR 
Cross-Priming.af OR exp Cytokines/ OR cytokines.af OR 
cytokine.af OR exp CD4-Positive T-Lymphocytes/ OR exp 
Antigens, CD4/ OR cd4.af OR cd-4.af OR t cell.af OR t cells.af OR 
exp T-Lymphocytes/ OR T-Lymphocyte.af OR T-Lymphocytes.af 
OR b cell OR b cells  OR exp B-Lymphocytes/ OR B-
Lymphocyte.af OR B-Lymphocytes.af OR exp Dendritic Cells/ OR 
Dendritic Cells.af OR Dendritic Cell.af OR Chemokines.af OR 
Chemokine.af OR beta-Thromboglobulin.af OR Macrophage 
Inflammatory Proteins.af OR Growth Differentiation Factor.af OR 
Growth Differentiation Factors.af OR Hematopoietic Cell Growth 
Factors.af OR Hematopoietic Cell Growth Factor.af OR 
Haematopoietic Cell Growth Factors.af OR Haematopoietic Cell 
Growth Factor.af OR Colony-Stimulating Factors.af OR Colony-
Stimulating Factor.af OR Stem Cell Factor.af OR Stem Cell 
Factors.af OR Hepatocyte Growth Factor.af OR Hepatocyte 
Growth Factors.af OR Interferons.af OR Interferon.af OR 
Interleukin.af OR Interleukins.af OR Interleukin*.af OR Leukemia 
Inhibitory Factor.af OR Leukemia Inhibitory Factors.af OR 
Lymphokines.af OR Lymphokine.af OR Leukocyte Migration-
Inhibitory Factors.af OR Leukocyte Migration-Inhibitory Factor.af 
OR Lymphotoxin-alpha.af OR Macrophage-Activating Factors.af 
OR Macrophage Migration-Inhibitory Factors.af OR Macrophage-
Activating Factor.af OR Macrophage Migration-Inhibitory 
Factor.af OR Transfer Factor.af OR Transfer Factors.af OR 
Monokines.af OR Monokine.af OR Tumor Necrosis Factor.af OR 
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Tumour Necrosis Factors.af OR Oncostatin M.af OR 
Osteopontin.af OR Transforming Growth Factor.af OR 
Transforming Growth Factors.af OR 4-1BB Ligand.af OR CD70.af 
OR B-Cell Activating Factor.af OR B-Cell Activating Factors.af 
OR CD30.af OR CD40.af OR Ectodysplasins.af OR Fas Ligand 
Protein.af OR Fas Ligand Proteins.af OR Lymphotoxin-alpha.af 
OR Lymphotoxin-beta.af OR OX40 Ligand.af OR RANK 





(exp Helminthiasis/ OR "helminthiasis".af OR "helminthiases".af 
OR "Nematomorpha Infection".af OR "Nematomorpha 
Infections".af OR "Cestode Infections".af OR 
"Diphyllobothriasis".af OR "Echinococcosis".af OR 
"Hymenolepiasis".af OR "Monieziasis".af OR "Taeniasis".af OR 
"Dictyocaulus Infections".af OR "Dirofilariasis".af OR 
"Fascioloidiasis".af OR "Monieziasis".af OR "Setariasis".af OR 
"Equine Strongyle Infections".af OR "Toxocariasis".af OR 
"Nematode Infections".af OR "Adenophorea Infections".af OR 
"Larva Migrans".af OR "Secernentea Infections".af OR "Trematode 
Infections".af OR "Clonorchiasis".af OR "Dicrocoeliasis".af OR 
"Echinostomiasis".af OR "Fascioliasis".af OR "Fascioloidiasis".af 
OR "Opisthorchiasis".af OR "Paragonimiasis".af OR 
"Schistosomiasis".af OR "Cestode Infection".af OR "Dictyocaulus 
Infection".af OR "Equine Strongyle Infection".af OR "Nematode 
Infection".af OR "Adenophorea Infection".af OR "Secernentea 
Infection".af OR "Trematode Infection".af OR "Sparganosis".af OR 
"Cysticercosis".af OR "Neurocysticercosis".af OR "Enoplida 
Infections".af OR "Enoplida Infection".af OR "Trichinellosis".af 
OR "Trichuriasis".af OR "Ascaridida Infections".af OR "Ascaridida 
Infection".af OR "Anisakiasis".af OR "Ascariasis".af OR 
"Ascaridiasis".af OR "Toxascariasis".af OR "Toxocariasis".af OR 
"Oxyurida Infections".af OR "Oxyurida Infection".af OR 
"Oxyuriasis".af OR "Enterobiasis".af OR "Rhabditida Infections".af 
OR "Rhabditida Infection".af OR "Strongyloidiasis".af OR 
"Spirurida Infections".af OR "Spirurida Infection".af OR 
"Dracunculiasis".af OR "Filariasis".af OR 
"Acanthocheilonemiasis".af OR "Dipetalonema Infections".af OR 
"Dipetalonema Infection".af OR "Dirofilariasis".af OR "Filarial 
Elephantiasis".af OR "Loiasis".af OR "Mansonelliasis".af OR 
"Onchocerciasis".af OR "Setariasis".af OR "Gnathostomiasis".af 
OR "Strongylida Infections".af OR "Hookworm Infections".af OR 
"Strongylida Infection".af OR "Hookworm Infection".af OR 
"Ancylostomiasis".af OR "Necatoriasis".af OR 
"Oesophagostomiasis".af OR "Strongyle Infections".af OR 




Chapter 7  
"Dictyocaulus Infections".af OR "Dictyocaulus Infection".af OR 
"Haemonchiasis".af OR "Ostertagiasis".af OR 
"Trichostrongylosis".af OR "Neuroschistosomiasis".af OR exp 
Helminth/ OR "Helminths".af OR "Helminth".af OR "Parasitic 
Worms".af OR "Parasitic Worm".af OR "Aschelminthes".af OR 
"Aschelminthe".af OR "Gordius".af OR "Nematomorpha".af OR 
"Nematomorphas".af OR "Acanthocephala".af OR 
"Moniliformis".af OR "Nematoda".af OR "Adenophorea".af OR 
"Secernentea".af OR "Platyhelminths".af OR "Cestoda".af OR 
"Trematoda".af OR "Turbellaria".af OR "Rotifera".af OR 
"Enoplida".af OR "Dioctophymatoidea".af OR "Mermithoidea".af 
OR "Trichuroidea".af OR "Capillaria".af OR "Trichinella".af OR 
"Trichinella spiralis".af OR "Trichuris".af OR "Ascaridida".af OR 
"Ascaridia".af OR "Ascaridoidea".af OR "Anisakis".af OR 
"Ascaris".af OR "Ascaris lumbricoides".af OR "Ascaris suum".af 
OR "Toxascaris".af OR "Toxocara".af OR "Toxocara canis".af OR 
"Oxyurida".af OR "Oxyuroidea".af OR "Enterobius".af OR 
"Rhabditida".af OR "Rhabdiasoidea".af OR "Strongyloides".af OR 
"Rhabditoidea".af OR "Caenorhabditis".af OR "Spirurida".af OR 
"Camallanina".af OR "Dracunculoidea".af OR "Dracunculus 
Nematode".af OR "Spirurina".af OR "Filarioidea".af OR 
"Acanthocheilonema".af OR "Brugia ".af OR "Dipetalonema".af 
OR "Dirofilaria ".af OR "Loa".af OR "Mansonella".af OR 
"Microfilaria".af OR "Onchocerca ".af OR "Setaria Nematode".af 
OR "Wuchereria".af OR "Spiruroidea".af OR "Thelazioidea".af OR 
"Gnathostoma".af OR "Strongylida".af OR "Ancylostomatoidea".af 
OR "Ancylostoma".af OR "Necator".af OR "Necator 
americanus".af OR "Heligmosomatoidea".af OR 
"Nematospiroides".af OR "Nematospiroides dubius".af OR 
"Nippostrongylus".af OR "Metastrongyloidea".af OR 
"Angiostrongylus".af OR "Molineoidae".af OR "Nematodirus".af 
OR "Strongyloidea".af OR "Oesophagostomum".af OR 
"Strongylus".af OR "Trichostrongyloidea".af OR "Dictyocaulus".af 
OR "Haemonchus".af OR "Ostertagia".af OR "Trichostrongylus".af 
OR "Tylenchida".af OR "Tylenchoidea".af) AND (exp Malaria/ OR 
malaria*.af OR "malaria".af OR "Paludism".af OR "Plasmodium 
Infections".af OR "Plasmodium Infection".af) AND (exp Cellular 
Immunity/ OR cellular immune response.af OR cellular immune 
responses.af OR Cellular Immunities.af OR Cellular Immunity.af 
OR Cell-Mediated Immunity.af OR Cell Mediated Immunity.af OR 
Cell-Mediated Immunities.af OR Antigen Presentation.af OR 
Immunologic Surveillance.af OR Lymphocyte Activation.af OR 
Cross-Priming.af OR exp Cytokine/ OR cytokines.af OR 
cytokine.af OR exp CD4 antigen/ OR cd4.af OR cd-4.af OR t 
cell.af OR t cells.af OR exp T Lymphocyte/ OR TLymphocyte.af 
OR TLymphocytes.af  OR T Lymphocyte.af OR T Lymphocytes.af  
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OR exp B-Lymphocyte/ OR B Lymphocyte.af OR B 
Lymphocytes.af OR BLymphocyte.af OR BLymphocytes.af OR B-
Lymphocyte.af OR B-Lymphocytes.af OR exp Dendritic Cell/ OR 
Dendritic Cells.af OR Dendritic Cell.af OR Chemokines.af OR 
Chemokine.af OR beta-Thromboglobulin.af OR Macrophage 
Inflammatory Proteins.af OR Growth Differentiation Factor.af OR 
Growth Differentiation Factors.af OR Hematopoietic Cell Growth 
Factors.af OR Hematopoietic Cell Growth Factor.af OR 
Haematopoietic Cell Growth Factors.af OR Haematopoietic Cell 
Growth Factor.af OR Colony-Stimulating Factors.af OR Colony-
Stimulating Factor.af OR Stem Cell Factor.af OR Stem Cell 
Factors.af OR Hepatocyte Growth Factor.af OR Hepatocyte 
Growth Factors.af OR Interferons.af OR Interferon.af OR 
Interleukin.af OR Interleukins.af OR Interleukin*.af OR Leukemia 
Inhibitory Factor.af OR Leukemia Inhibitory Factors.af OR 
Lymphokines.af OR Lymphokine.af OR Leukocyte Migration-
Inhibitory Factors.af OR Leukocyte Migration-Inhibitory Factor.af 
OR Lymphotoxin-alpha.af OR Macrophage-Activating Factors.af 
OR Macrophage Migration-Inhibitory Factors.af OR Macrophage-
Activating Factor.af OR Macrophage Migration-Inhibitory 
Factor.af OR Transfer Factor.af OR Transfer Factors.af OR 
Monokines.af OR Monokine.af OR Tumor Necrosis Factor.af OR 
Tumor Necrosis Factors.af OR Tumour Necrosis Factor.af OR 
Tumour Necrosis Factors.af OR Oncostatin M.af OR 
Osteopontin.af OR Transforming Growth Factor.af OR 
Transforming Growth Factors.af OR 4-1BB Ligand.af OR CD70.af 
OR B-Cell Activating Factor.af OR B-Cell Activating Factors.af 
OR CD30.af OR CD40.af OR Ectodysplasins.af OR Fas Ligand 
Protein.af OR Fas Ligand Proteins.af OR Lymphotoxin-alpha.af 
OR Lymphotoxin-beta.af OR OX40 Ligand.af OR RANK 




TS=((Helminthiasis OR "helminthiasis" OR "helminthiases" OR 
"Nematomorpha Infection" OR "Nematomorpha Infections" OR 
"Cestode Infections" OR "Diphyllobothriasis" OR 
"Echinococcosis" OR "Hymenolepiasis" OR "Monieziasis" OR 
"Taeniasis" OR "Dictyocaulus Infections" OR "Dirofilariasis" OR 
"Fascioloidiasis" OR "Monieziasis" OR "Setariasis" OR "Equine 
Strongyle Infections" OR "Toxocariasis" OR "Nematode 
Infections" OR "Adenophorea Infections" OR "Larva Migrans" OR 
"Secernentea Infections" OR "Trematode Infections" OR 
"Clonorchiasis" OR "Dicrocoeliasis" OR "Echinostomiasis" OR 
"Fascioliasis" OR "Fascioloidiasis" OR "Opisthorchiasis" OR 
"Paragonimiasis" OR "Schistosomiasis" OR "Cestode Infection" 
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"Nematode Infection" OR "Adenophorea Infection" OR 
"Secernentea Infection" OR "Trematode Infection" OR 
"Sparganosis" OR "Cysticercosis" OR "Neurocysticercosis" OR 
"Enoplida Infections" OR "Enoplida Infection" OR "Trichinellosis" 
OR "Trichuriasis" OR "Ascaridida Infections" OR "Ascaridida 
Infection" OR "Anisakiasis" OR "Ascariasis" OR "Ascaridiasis" 
OR "Toxascariasis" OR "Toxocariasis" OR "Oxyurida Infections" 
OR "Oxyurida Infection" OR "Oxyuriasis" OR "Enterobiasis" OR 
"Rhabditida Infections" OR "Rhabditida Infection" OR 
"Strongyloidiasis" OR "Spirurida Infections" OR "Spirurida 
Infection" OR "Dracunculiasis" OR "Filariasis" OR 
"Acanthocheilonemiasis" OR "Dipetalonema Infections" OR 
"Dipetalonema Infection" OR "Dirofilariasis" OR "Filarial 
Elephantiasis" OR "Loiasis" OR "Mansonelliasis" OR 
"Onchocerciasis" OR "Setariasis" OR "Gnathostomiasis" OR 
"Strongylida Infections" OR "Hookworm Infections" OR 
"Strongylida Infection" OR "Hookworm Infection" OR 
"Ancylostomiasis" OR "Necatoriasis" OR "Oesophagostomiasis" 
OR "Strongyle Infections" OR "Strongyle Infection" OR 
"Trichostrongyloidiasis" OR "Dictyocaulus Infections" OR 
"Dictyocaulus Infection" OR "Haemonchiasis" OR "Ostertagiasis" 
OR "Trichostrongylosis" OR "Neuroschistosomiasis" OR Helminth 
OR "Helminths" OR "Helminth" OR "Parasitic Worms" OR 
"Parasitic Worm" OR "Aschelminthes" OR "Aschelminthe" OR 
"Gordius" OR "Nematomorpha" OR "Nematomorphas" OR 
"Acanthocephala" OR "Moniliformis" OR "Nematoda" OR 
"Adenophorea" OR "Secernentea" OR "Platyhelminths" OR 
"Cestoda" OR "Trematoda" OR "Turbellaria" OR "Rotifera" OR 
"Enoplida" OR "Dioctophymatoidea" OR "Mermithoidea" OR 
"Trichuroidea" OR "Capillaria" OR "Trichinella" OR "Trichinella 
spiralis" OR "Trichuris" OR "Ascaridida" OR "Ascaridia" OR 
"Ascaridoidea" OR "Anisakis" OR "Ascaris" OR "Ascaris 
lumbricoides" OR "Ascaris suum" OR "Toxascaris" OR "Toxocara" 
OR "Toxocara canis" OR "Oxyurida" OR "Oxyuroidea" OR 
"Enterobius" OR "Rhabditida" OR "Rhabdiasoidea" OR 
"Strongyloides" OR "Rhabditoidea" OR "Caenorhabditis" OR 
"Spirurida" OR "Camallanina" OR "Dracunculoidea" OR 
"Dracunculus Nematode" OR "Spirurina" OR "Filarioidea" OR 
"Acanthocheilonema" OR "Brugia " OR "Dipetalonema" OR 
"Dirofilaria " OR "Loa" OR "Mansonella" OR "Microfilaria" OR 
"Onchocerca " OR "Setaria Nematode" OR "Wuchereria" OR 
"Spiruroidea" OR "Thelazioidea" OR "Gnathostoma" OR 
"Strongylida" OR "Ancylostomatoidea" OR "Ancylostoma" OR 
"Necator" OR "Necator americanus" OR "Heligmosomatoidea" OR 
"Nematospiroides" OR "Nematospiroides dubius" OR 
"Nippostrongylus" OR "Metastrongyloidea" OR "Angiostrongylus" 
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"Oesophagostomum" OR "Strongylus" OR "Trichostrongyloidea" 
OR "Dictyocaulus" OR "Haemonchus" OR "Ostertagia" OR 
"Trichostrongylus" OR "Tylenchida" OR "Tylenchoidea") AND 
(Malaria OR malaria* OR "malaria" OR "Paludism" OR 
"Plasmodium Infections" OR "Plasmodium Infection") AND 
(Cellular Immunity OR cellular immune response OR cellular 
immune responses OR Cellular Immunities OR Cellular Immunity 
OR Cell-Mediated Immunity OR Cell Mediated Immunity OR 
Cell-Mediated Immunities OR Antigen Presentation OR 
Immunologic Surveillance OR Lymphocyte Activation OR Cross-
Priming OR Cytokine OR cytokines OR cytokine OR CD4 antigen 
OR cd4 OR cd-4 OR t cell OR t cells OR T Lymphocyte OR 
TLymphocyte OR TLymphocytes  OR T Lymphocyte OR T 
Lymphocytes  OR T-Lymphocyte OR T-Lymphocytes OR b cell 
OR b cells  OR B-Lymphocyte OR B Lymphocyte OR B 
Lymphocytes OR BLymphocyte OR BLymphocytes OR B-
Lymphocyte OR B-Lymphocytes OR Dendritic Cell OR Dendritic 
Cells OR Dendritic Cell OR Chemokines OR Chemokine OR beta-
Thromboglobulin OR Macrophage Inflammatory Proteins OR 
Growth Differentiation Factor OR Growth Differentiation Factors 
OR Hematopoietic Cell Growth Factors OR Hematopoietic Cell 
Growth Factor OR Haematopoietic Cell Growth Factors OR 
Haematopoietic Cell Growth Factor OR Colony-Stimulating 
Factors OR Colony-Stimulating Factor OR Stem Cell Factor OR 
Stem Cell Factors OR Hepatocyte Growth Factor OR Hepatocyte 
Growth Factors OR Interferons OR Interferon OR Interleukin OR 
Interleukins OR Interleukin* OR Leukemia Inhibitory Factor OR 
Leukemia Inhibitory Factors OR Lymphokines OR Lymphokine 
OR Leukocyte Migration-Inhibitory Factors OR Leukocyte 
Migration-Inhibitory Factor OR Lymphotoxin-alpha OR 
Macrophage-Activating Factors OR Macrophage Migration-
Inhibitory Factors OR Macrophage-Activating Factor OR 
Macrophage Migration-Inhibitory Factor OR Transfer Factor OR 
Transfer Factors OR Monokines OR Monokine OR Tumor 
Necrosis Factor OR Tumor Necrosis Factors OR Tumour Necrosis 
Factor OR Tumour Necrosis Factors OR Oncostatin M OR 
Osteopontin OR Transforming Growth Factor OR Transforming 
Growth Factors OR 4-1BB Ligand OR CD70 OR B-Cell Activating 
Factor OR B-Cell Activating Factors OR CD30 OR CD40 OR 
Ectodysplasins OR Fas Ligand Protein OR Fas Ligand Proteins OR 
Lymphotoxin-alpha OR Lymphotoxin-beta OR OX40 Ligand OR 
RANK Ligand OR TNF OR dendritic)) NOT TI=(Animal* OR 
mice OR mouse OR macaq* OR buffal*) 
ScienceDirect TITLE-ABSTR-KEY(((Helminthiasis OR Helminths OR 
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cytokine OR cytokines OR cd4 OR cd-4 OR t cell OR t cells OR T 
Lymphocytes OR T Lymphocyte OR b cell OR b cells  OR B 





Helminthiasis OR Helminths OR Helminth 
Malaria  
cellular immunity OR cellular immune response OR cytokine OR 
cytokines OR cd4 OR cd-4 OR t cell OR t cells OR T Lymphocytes 
OR T Lymphocyte OR b cell OR b cells  OR B Lymphocytes OR B 
Lymphocyte  OR Dendritic Cells OR Dendritic Cell 







(Helminthiasis OR Helminths OR Helminth) AND Malaria AND 
(cellular immunity OR cellular immune response OR cytokine OR 
cytokines OR cd4 OR cd-4 OR t cell OR t cells OR T Lymphocytes 
OR T Lymphocyte OR b cell OR b cells  OR B Lymphocytes OR B 
Lymphocyte  OR Dendritic Cells OR Dendritic Cell) 






((Helminthiasis OR Helminths OR Helminth) AND (Malaria) AND 
(immunity OR immune OR cytokine OR cytokines OR cd4 OR cd-
4 OR t cell OR t cells OR T Lymphocytes OR T Lymphocyte OR b 
cell OR b cells  OR B Lymphocytes OR B Lymphocyte  OR 
Dendritic Cells OR Dendritic Cell)) 
IndMED ((Helminthiasis OR Helminths OR Helminth) AND (Malaria) AND 
(immunity OR immune OR cytokine OR cytokines OR cd4 OR cd-
4 OR t cell OR t cells OR T Lymphocytes OR T Lymphocyte OR b 
cell OR b cells  OR B Lymphocytes OR B Lymphocyte  OR 
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KoreaMED (Helminthiasis OR Helminths OR Helminth) AND Malaria AND 
(cellular immunity OR cellular immune response OR cytokine OR 
cytokines OR cd4 OR cd-4 OR t cell OR t cells OR T Lymphocytes 
OR T Lymphocyte OR b cell OR b cells  OR B Lymphocytes OR B 
Lymphocyte  OR Dendritic Cells OR Dendritic Cell) 






Helminthiasis OR Helminths OR Helminth 
Malaria  
cellular immunity OR cellular immune response OR cytokine OR 
cytokines OR cd4 OR cd-4 OR t cell OR t cells OR T Lymphocytes 
OR T Lymphocyte OR b cell OR b cells  OR B Lymphocytes OR B 
Lymphocyte  OR Dendritic Cells OR Dendritic Cell 






Helminthiasis OR Helminths OR Helminth 
Malaria  
cellular immunity OR cellular immune response OR cytokine OR 
cytokines OR cd4 OR cd-4 OR t cell OR t cells OR T Lymphocytes 
OR T Lymphocyte OR b cell OR b cells  OR B Lymphocytes OR B 
Lymphocyte  OR Dendritic Cells OR Dendritic Cell 


















What we already knew 
 
Helminth-induced modulation of Plasmodium sp. immune responses: 
What have we learnt from population based studies? 
 
Studies using animal models have been pivotal to understand the effect 
of helminths on their host immune responses. In general they indicated 
that chronic helminth infections had the potential to skew the immune 
response toward a Th2 profile and to trigger the stimulation of a 
powerful regulatory network (1). Interestingly these immune 
modifications have been shown to lead to alterations of the host 
immune response to helminths in the first place, but also to others 
pathogens such as Plasmodium sp. (2). The implication of such 
findings is enormous given the geographical distribution of malaria 
worldwide. During the past years efforts have been put into 
epidemiological studies to verify these findings in affected populations. 
With regard to the humoral response, the main hypothesis was that in 
the context of coinfection the antibodies against P. falciparum which is 
dominated by cytophilic antibodies (IgG1 and IgG3) would be altered 
by the Th2 skewing of immune response observed in those chronically 
infected with helminths characterized by the predominance of IgG4 and 
IgE. To date only few studies have addressed this. Two of these studies 
were conducted in Senegal. The first one by Diallo et al. showed that 
IgG1 and IgG3 antibodies specific to PfMSP1-19 and to P. falciparum 
schizont extract were significantly increased in children co-infected 
with S. haematobium and P. falciparum by comparison to those with P. 
falciparum mono infection only (3). Interestingly neither IgG2, IgG4 
nor IgE levels specific to the same antigens were different between the 
two groups compared. These observations suggest that S. haematobium 
favours an efficient anti-malaria protective antibody response despite 
its Th2 skewing. In the second study the opposite observation was 
made by Roussilhon  and co-workers (4). They showed that worm 
carriage was significantly correlated, on the one hand, with a decrease 
in cytophilic IgG1 and IgG3 antimalarial antibodies and, on the other, 
with an increase of non cytophilic IgG4 antibodies. Finally in a third 
study conducted in Mali no difference was observed between co-
infected and mono-infected subjects in terms of their humoral response 






in the study methodology or numerous environmental factors but most 
importantly indicates the need for further studies. 
 
Antibody response although important is not enough to clear malaria 
infection on its own. Studies have shown that in contrast to normal 
mice, mice that are deficient in T cells cannot mount a sufficient 
immune response to P. yoeli infection after passive transfer of 
Plasmodium specific antibodies (6). These mice have a delayed time to 
appearance of microscopic parasitemia but cannot completely clear the 
parasite. This indicates that the humoral response might be important at 
the onset of the infection to limit the progression of the disease but that 
a complete clearance of the parasite is cell mediated. Cell mediated 
immunity specific to Plasmodium spp. has been shown to be complex 
and to involve a wide range of interacting innate and adaptive 
responses. Controlled human infection of malaria naive volunteers with 
P. falciparum has shown that both innate and adaptive immune cells 
contribute to the production of IFNγ a major pro-inflammatory 
cytokine (7,8) marking the so called Th1 response important for 
parasite clearance (9). Although in these studies no data were provided 
on the Th2 and regulatory responses the importance of the Th2 
response in anti-malarial immunity as well as the need for an efficient 
regulatory response to avoid tissue damage has been suggested 
(reviewed in 10). There is evidence that some of the innate and 
adaptive effector mechanisms involved in  immunity to malaria are 
modulated by helminths.  For example in a study conducted in 
Sudanese children, it was observed that S. haematobium and S. mansoni 
were able to significantly impair the function of NK cells, a major 
source of IFNγ (11). In addition subjects chronically infected with 
helminths  have been shown to have a lower frequency of dendritic 
cells (DC) which, also have an impaired function as indicated by their 
reduced capacity to respond to TLR ligands and to activate T cells 
(12,13). With regard to adaptive immune responses, it is now known 
that chronic helminth infections are linked to T cell hyporesponsivness 
mediated either through intrinsic mechanisms (14) or via their ability to 
induce regulatory cells that inhibit T cell responses (15–17). All these 
mechanisms are in the first place for helminths to evade the immune 







In the context of coinfection it has been suggested that the anti-
inflammatory milieu induced by chronic helminth infections may 
dampen both the protective and immunopathological immune responses 
to Plasmodium spp.. As a consequence subjects living in endemic areas 
would be more likely to acquire new malaria infection but will develop 
fewer symptoms or have less severe disease. Researchers have tried to 
test this hypothesis in naturally exposed individuals who live in areas 
endemic for both parasites. From a clinical point of view, some studies 
reported that helminths could exert either a protective (18–20) or an 
aggravating effect (21,22) on malaria outcomes while others indicated  
no association (23). Finally whether the cell mediated immune response 
specific to Plasmodium spp. was affected by a concurrent helminth 
infection has also been assessed during the past few years. The studies 
looked at the cytokine profile of co-infected subjects and compared it to 
Plasmodium spp. mono-infected ones. They showed an increase 
(24,25), a decrease (26,27) or even an absence (28) of effect of chronic 
helminth infections on the levels of Th1, Th2 or regulatory cytokines in 
coinfected subjects. Several reasons were suggested to explain the 
observed differences such as methodology, study design, helminths 
species, environmental factors (29) and again, more data are needed to 
draw a definitive conclusion.  
 
Key points regarding what we already knew: 
 
Helminths and malaria overlap in their geographical distribution.  
 
Chronic helminth infections induce a Th2 skewed immune response 
and a potent immune regulatory network in chronically infected 
subjects. 
 
Helminths induced immune modulation can interfere with 
Plasmodium spp. specific immune response in mouse models. 
 
Epidemiological studies show variable effect of helminths on malaria 








What this thesis adds to our knowledge 
 
Chronic S. haematobium infection leads to an alteration of B cells 
function and changes in the distribution of B cell subsets  
  
The role of B cells in immunity against pathogens is being actively 
examined and is currently shown to expand beyond the classical 
antibody production. B cells are at the intersection between innate and 
adaptive immune response. They can produce cytokines upon 
stimulation through pathogens recognition receptor (PRR) and B cell 
receptors (BCR) and activated B cells can act as antigen presenting 
cells (APC) and are able to deliver co-stimulatory signals leading to the 
differentiation of Th2 effector cells. Moreover in recent  studies they 
have been recognized for their immune regulatory properties (reviewed 
in (30)). The multitude of B cell functions are mediated through a 
variety of subsets with distinct phenotypic and functional 
characteristics, however, data are still scarce on the extent to which 
their distribution and function are altered in subjects bearing chronic 
infection. This research question was addressed in a field study 
described in chapter 3. B cell subsets and B cell responses to BCR and 
Toll-like receptor 9 stimulation was assessed in infected school aged 
children and in their uninfected counterparts at baseline and 6 months 
after the removal of the trematodes by Praziquantel. We observed that 
while the percentage of total B cells was similar between infected and 
uninfected individuals the distribution of some B cell subsets was 
significantly altered by active S. haematobium infection. This alteration 
was characterised by a trend toward a decrease of the naive B cell 
population in infected individuals that was significantly increased upon 
praziquantel treatment. On the other hand, we noted an increased 
percentage of activated and atypical B cells in the schistosoma infected 
group along with an increase of double negative and switched memory 
B cells subsets. These findings should be interpreted to be in line with 
data suggesting that atypical and double negative memory B cells are 
increased in chronic infection or disease and are functionally impaired 
(31–33) . Recently, the function of atypical MBC was assessed in 
relation to classical MBC in Malian adults with lifelong exposure to 
malaria and Malian children developing clinical malaria (33). It was 
observed that in malaria exposed and infected individuals atypical 





characterized by the expression of an array of inhibitory receptors and 
by an impairment of BCR signalling. These changes were associated 
with an impaired B cell proliferation, cytokine production and antibody 
secretion upon stimulation. In our study we noted some functional 
changes as well in that the total B cell population of S. haematobium-
infected children had a lower expression of Ki-67, a marker of cell 
proliferation, and produced less TNF, somehow resembling what might 
be considered as an exhausted profile. Taken together these findings 
might indicate that as expected infection with S. haematobium leads to 
B cells activation and immunoglobulin class switching of B cells. 
However in chronically infected individuals the repeated stimulation of 
B cells results in a state of B cells exhaustion or hyporesponsiveness 
that is partially restored upon specific anti-schistosoma treatment. This 
phenomenon might help the parasite to prolong it survival within the 
definitive host and explain why acquisition of protective humoral 
immunity takes time to develop in individuals living in endemic areas. 
It can also contribute towards limiting tissue damage in the host. 
However it is still unclear whether and how this down regulation of the 
B cell response due to S. haematobium infection can also affect the host 
response to other pathogens.   
 
Individuals chronically infected with helminths have an impaired 
antibody response to P. falciparum sexual stage antigens 
 
Sexual stage of Plasmodium spp. plays a central role in malaria 
transmission.  Epidemiological studies have indicated that helminth co-
infected individuals are more likely to carry P. falciparum gametocyte 
(34). Unfortunately not much is known about the mechanisms 
underlying such association. Gametocytogenesis can be influenced by 
various stress-inducing factors including the Plasmodium specific 
immune responses (reviewed in (35)). On the other hand helminths are 
well known for their ability to modulate the immune system of their 
host and question might arise as to whether in coinfected individuals 
this helminth induced immune modulation might interfere with anti-
gametocyte immunity. This question was addressed for the first time in 
a cross-sectional study described in chapter 4. Our principal objective 
was to determine the influence of S. haematobium and filaria co-
infection with malaria parasite on the antibody responses to P. 






endemic for both helminths and for malaria as described in chapter 2. 
Total IgG to sexual stage antigens Pfs230 and Pfs48/45 was measured 
and their levels compared between individuals coinfected with 
helminths and P. falciparum or with only with P. falciparum. It was 
observed that IgG to Pfs48/45 sexual stage antigen but not Pfs230 was 
significantly lower in co-infected individuals even after adjustment for 
confounding factors such as age, haemoglobin level or the density of P. 
falciparum asexual stage parasite. This is the first time that helminth 
infection is reported to influence an immunological response to a P. 
falciparum sexual stage antigen. Additional studies will be needed to 
test this finding in different geographical areas.  If confirmed, this 
could have implications for malaria transmission. Indeed anti Pfs48/45 
IgG is known to exert transmission blocking activity by inhibiting the 
fertilisation of P. falciparum gametes in the mosquito gut (36). Hence a 
lower antibody response to this antigen due to helminths might result in 
an increased multiplication of P. falciparum in the mosquito gut and an 
increase of its transmission to humans. This hypothesis will need to be 
tested in future studies.  
 
From the two helminth species considered in this study only S. 
haematobium but not filarial parasites was associated with a significant 
decrease in antibodies to P. falciparum sexual stage antigens. Although 
this has to be confirmed in further studies, we hypothesize that while L. 
loa, M. perstans and S. haematobium are all located in the blood 
vasculature of their host, their effect on the immune response or on host 
metabolism might be more pronounced for S. haematobium. For 
example, anaemia was more frequent in subjects infected with S. 
haematobium. The selective effect of S. haematobium infection on 
Pfs48/45 and not Pfs230 is difficult to explain. It is possible that the 
modulatory effect exerted by helminths is not sufficient to impair the 
humoral response to Pfs230 antigens. Data from field studies (35,36) 
have shown Pfs230 to be more immunogenic than Pfs48/45, however, 
another explanation would be that our study was underpowered to 
detect such an effect.   
 
Despite the fact that S. haematobium infection was associated with an 
impaired response to Pfs48/45 antigens, we did not observe a decrease 
in gametocyte carriage in subjects infected with schistosoma and/or 





development of gametocytes within the human host. This is supported 
by a study where sera from individuals naturally exposed to P. 
falciparum were used to assess the capacity of sexual stage antigens to 
induce complement-mediated lysis of P. falciparum gametes (37). In 
the study, antibodies to Pfs230 but not Pfs48/45 were positively 
associated with complement-mediated lysis of P. falciparum gametes in 
vitro. Interestingly they observed that Pfs230-induced gamete lysis was 
more pronounced in the presence of Pfs48/45.  
 
Our study presented some limitations that need to be addressed. For 
example, a longitudinal study design would have been more 
appropriate, it will take into account the effect of seasonality on 
gametocytogenesis (38,39) and will allow the dynamic study of the 
association between helminths, P. falciparum sexual stage carriage and 
the immune response. Furthermore gametocyte carriage was 
determined by microscopy which has proven to be less sensitive than 
PCR to detect low parasite load (38). Finally functional assays such as 
Standard Membrane Feeding assays (SMFA) are instrumental to assess 
whether the decrease of sexual stage antibodies translate into an 
increased transmission of P. falciparum to the mosquito and should be 
included in future studies. Despite these limitations our study brings 
novel information on the complex interaction between helminths and 
malaria and generates a hypothesis that needs to be further tested.  
 
Antibody responses to P. falciparum asexual stage antigens are not 
influenced by either S. haematobium or filarial infections  
 
To date only few studies have assessed whether chronic helminth 
infections could influence carriage and antibody responses to asexual 
stages of P. falciparum. So far such studies have generated 
contradictory outcomes. This indicates the need for additional data and 
gives justification for the study described in chapter 4. This study was 
conducted in an area where malaria and helminths are highly endemic 
despite regular mass drug administration. It aimed at assessing the 
relationship between helminth infection, carriage of P. falciparum 
trophozoites and antibody responses to asexual stage antigens. Our first 
observation was that the asymptomatic carriage of P. falciparum was 
quite high (42% by microscopy and 75% by PCR) and was 






in the area. Moreover individuals infected with S. haematobium had a 
higher carriage of P. falciparum asexual forms as determined by 
microscopy. Interestingly this association disappeared when P. 
falciparum carriage was assessed by PCR. These findings suggest that 
schistosoma infected and uninfected individuals are equally susceptible 
to P. falciparum infection however higher parasite replication seems to 
be favoured in the presence of S. haematobium. Similar increase of 
microscopic carriage of asexual form of P. falciparum in helminth 
infected individuals have been reported elsewhere (40,41). However 
there are also studies where a negative association was reported 
(42,43). The difference in the studies might be due to confounding 
factors such as the characteristic of the study area, differences in study 
methodology, malaria seasonality, the type of helminths species 
assessed as well as the intensity and chronicity of helminth infections.       
 
Despite the higher density of P. falciparum detected by microscopy in 
S. haematobium coinfected subjects we failed to link this to an 
impairment of the IgG response to asexual stage antigens (MSP1, 
AMA1 and GLURP). When considering published data, we noted that 
only one study have so far reported an increase in antibodies specific to 
asexual stage antigens in S. haematobium coinfected individuals (12). 
In this study, subjects free of schistosome infection who served as the 
comparator group to those with both schistosomes and malaria were 
selected from an area not endemic for helminths. This might have 
represented a bias since confounding factors such as differences in the 
living environment were not controlled for. Other population studies in 
which helminth infected and uninfected subjects were recruited in the 
same area showed a decrease of the IgG response to P. falciparum in 
helminths coinfected individuals (44) or even an absence of effect of 
helminths (45).     
These differences reflect the complex interaction that exists between 
helminths and malaria parasite. It could  indicate that in individuals 
living in affected areas the modulation induced by helminths on malaria 
specific humoral response might be confounded by the degree of 
endemicity as well as by past helminth infections. It is also possible 
that the modulatory effect of helminths that favour P. falciparum 
replication is exerted through different mechanisms. For example 
through T cells hypo responsiveness or possibly through metabolic 





cellular immune response of the study participants. It would also be 
important to determine whether helminths are capable of favouring the 
switch from asymptomatic to symptomatic P. falciparum infection. 
This was not possible in this study considering its cross sectional 
design. 
 
P. falciparum infection imposes a distinct signature on the cytokine 
and chemokine profiles, which is not impaired by a concurrent 
infection with S. haematobium  
 
The innate and adaptive cellular immune responses play an important 
role in anti-malarial immunity (46). They serve to control the infection 
but at the same time can also be detrimental to the host by causing 
tissue damage (47). Several studies have been conducted in individuals 
naturally exposed to Plasmodium sp. to characterize their cytokine 
response when they are infected. These studies mainly focus on few 
cytokines and in addition their data analysis does not take into 
consideration the level of correlation that might exist among the 
measured cytokines. This is rather an important aspect given that from 
a functional perspective cytokines can have a synergistic (48,49) or 
antagonist effect (50). In chapter 6 we set out to assess the effect of P. 
falciparum and S. haematobium infections on the cytokine response of 
infected individuals. We assessed both the innate and adaptive immune 
responses using in vitro assays where cytokines and chemokines were 
measured after PBMC or whole blood stimulation with either SEB (to 
assess the adaptive immune response) or various TLRs ligands (to 
assess the innate immune response). Moreover instead of looking at 
individual cytokine s, we opted for “Principal Component Analysis” 
(PCA), which allows a simultaneous assessment of multiple variables 
that are then summarized into new synthetic variables or components 
containing most of the information in the dataset. An additional 
advantage of this PCA is that the synthetic components also take into 
consideration the magnitude of the correlation between the different 
cytokines/chemokines. What we observed when we compared the 
different principal components among the study groups is that; P. 
falciparum infection was associated with an increase of the general 
immune responsiveness of the study subjects. This increase was seen 
both for the innate and the adaptive immune system and was not 






decrease the pro-inflammatory immune response as observed in S. 
haematobium singly infected subjects. From an immunological point of 
view our finding might indicate that although schistosomes have the 
potential to modulate the immune response, the observed immune 
modulation is not sufficient to dampen the cell mediated immune 
response triggered by the presence of P. falciparum in the blood 
stream. It is possible that malaria parasites, seen as an acute infection 
by the host immune system, overcome the threshold set by the 
regulatory network induced by helminths. Another explanation for lack 
of an effect of helminth infections on cytokine response to malaria 
infection could be the epidemiological feature of the study area as well 
as on the characteristic of the study population. It is possible that the 
subjects that appear free of a particular helminth infection have been 
infected in the past or carry other helminths species capable of shaping 
the host immune system. Our study participants were recruited in an 
area where the prevalence of helminths has been shown to be 
consistently high (51) and although we did not assess whether they had 
past helminths infection, it is very likely that they were infected in the 
past. In this regard in chapter 5 we observed that regulatory T cells of 
new-borns from filaria infected mothers correlated negatively with the 
level of pro-inflammatory Th1 cells suggesting that regulatory T cells 
acquired functional capacity already before birth probably as a 
consequence of in utero exposure to helminths. If the in utero effect of 
helminth infections would be long-lived, these data would be in line 
with the notion that early life exposure to helminths might make it 
difficult to see any clear effect of current helminth infection on various 
immune responses. 
Although poly-helminth infections are the norm in tropical and sub 
tropical areas (52,53), epidemiological studies where the effect of 
helminths on anti-malaria immunity was assessed have mainly focused 
on one or maximum two helminth species. This could be responsible 
for the disparities in outcomes. The influence of poly helminth 
infection as well as past helminth infections on the outcomes of the 
responses studied was further assessed in the meta-analysis describe in 
chapter 7. This meta-analysis indicates that there are currently 19 
eligible studies conducted in endemic areas to assess the influence of 
helminths on immune responses of P. falciparum infected subjects. The 
results seem highly conflicting. However when these studies are pooled 





mediated immune response to P. falciparum was not affected by 
helminths in coinfected individuals. Interestingly when we stratified 
our assessment using a moderator analysis we noted that studies where 
stringent criteria were used, to control for the confounding effect of 
past exposure to helminth antigens, showed that in those who have no 
current or past exposure to helminths, there is significantly higher pro-
inflammatory cytokines in malaria infected subjects (54,55). 
Additionally this moderator analysis indicated that poly-helminth 
infections with schistosomes and intestinal helminths resulted in a 
significant increase of regulatory cytokines (56). These findings 
support the results described in chapter 6 and further indicate that 
interaction between helminths and malaria is complex. It is indeed 
possible that the helminth induced modulation of their host immune 
system has the potential to interfere with their cell mediated immune 
response to P. falciparum. However in areas where the force of 
infection with helminths is high, this effect could be masked by past 
and/or current (poly) helminth infections.  
  
The type of immunological assays used in epidemiological studies 
might influence outcomes 
 
When we conducted the meta-analysis described in chapter 7 we 
noticed that our current knowledge of malaria and helminth co-
infection was based on studies that used different immunological 
assays. For example some studies report on circulating plasma or serum 
cytokines (25,26,57,58) whereas others measure cytokines after 
stimulation of whole blood (27,59–62) or PBMC (63)  either in 
supernatants or intra-cellularly. In addition the type of stimuli used 
when cells are stimulated can also be different between studies. These 
differences may contribute to the heterogeneity of the results observed 
in different studies. Indeed when performing a moderator analysis 
aiming to understand the variation in study outcomes we noted that the 
Th17 response was higher in helminth and malaria co-infected 
individuals when this cytokine was measured by flow cytometry after 
intracellular staining (27). Moreover studies where cells were 
stimulated with PHA (64) or P. falciparum-infected red blood cells 
(iRBC) (27,59,61), were more likely to report a higher Th2 or anti-
inflammatory response in helminths and malaria co-infected individuals 






importance of statistical method such as meta-analysis to account for 
the heterogeneity in study design when interpreting results from 
population based studies. Moreover they also indicate the need for 
standard operating procedures to harmonize the protocols used in field 
studies.   
 
Key points on what this thesis adds to our knowledge 
 
Regulatory T cells of a newborn from helminth-infected mother can 
suppress the development of effector T cells probably as a result of 
in-utero exposure to helminths.   
 
Helminths can alter B cell profile and function but in particular lead 
to expansion of atypical and double negative B cells. 
 
Helminths can influence antibody response to P. falciparum sexual 
stage antigens. 
 
Individuals chronically infected with helminths do not have an 
impaired IgG response to P. falciparum asexual stage antigens. 
 
P. falciparum leads to a general increase of the innate and adaptive 
immune response in infected individuals. 
 
The innate and adaptive cytokine responses of individuals infected 
with P. falciparum is not altered by a concurrent S. haematobium 
infection. 
 
The absence of an effect of helminths on the cellular immune 
response of individuals with malaria is confirmed by a meta-analysis 
of all the studies available to date. 
 
Past infection with helminths or current poly-helminth infections can 
mask the effect of a helminth on P. falciparum immune response. 
 
There is substantial degree of heterogeneity in studies that assess the 
association between helminths and malaria. Standardized and uniform 
protocols are needed to be able to answer whether helminth infections 






Direction for future research 
 
Helminths and malaria transmission 
 
Indirect evidence suggests a role for helminths in sustaining malaria 
transmission. However to date very few studies have addressed this 
question. In this thesis we showed that S. haematobium was able to 
decrease antibody responses to P. falciparum sexual antigens. This 
might lead to an overall impairment of the transmission blocking 
immunity. Whether this finding could result in a significant increase of 
malaria transmission in a given area would need to be addressed in 
future studies. These studies might also need to use approaches such as 
Standard Membrane Feeding Assays (SMFA) to assess the 
transmission blocking activity of these antibodies or ecological studies 
to determine whether malaria incidence, or asymptomatic carriage of 
sexual and asexual stage P. falciparum correlate with the 
prevalence/burden of helminths in the population.   
 
Helminths and malaria vaccine 
 
Malaria vaccines bear a lot of promise for the eradication or at least the 
control of malaria in affected areas. To date more than 150 malaria 
vaccine candidate are  or were undergoing clinical evaluation (65) and 
only one candidate vaccine, the RTS’S has reached a phase III where it 
was shown to confer modest protection against malaria (66). Data are 
still scarce as to whether helminths could impair or augment the 
response to these candidate vaccines in endemic populations. A study 
recently showed that the immunogenicity of the GMZ2-4 blood stage 
malaria vaccine candidate was significantly reduced in 1 to 5 years old 
children who were infected with Trichuris trichiura (67). Similar 
studies need to be repeated. If this effect is confirmed, understanding 
the mechanism of this interaction could be of importance in the design 
of malaria vaccine and immunization program. A particular attention 
should also be given to malaria transmission blocking vaccine 
candidates such as Pfs48/45 antigen given that the antibody response 








Beyond helminths:  Rural VS urban differences 
 
Rapid urbanization is taking place in Africa. In western countries an 
increase of urbanization index has been linked with a decrease of 
biodiversity and emergence of inflammatory diseases (68). Such an 
alteration of the biodiversity might be reflected in differences in 
immune responses of subjects from different areas. This was recently 
shown by Mbow et al. in a study where they compare the immune 
profile of subjects living in rural Africa to those of individuals from 
urban Africa and Europe (69). What they observed was a rural to urban 
gradient marked by a higher Th1 and Th2 and markedly a Th2/Th1 
ratio in subjects from rural Africa by comparison to those from urban 
Africa and Europe. Similar rural and urban differences were also 
observed between individuals from urban Africa and Europe and when 
memory T cells subsets were assessed (69). In a different study Smolen 
et al. showed that innate cytokine response of 2 years old children 
measured after stimulation of whole blood cells with TLR ligands were 
similar between children from North America, South America and 
Europe despite obvious differences in their living environment (70). 
Yet children from South Africa presented a different profile. Difference 
in innate response between African and Europeans children was 
reported in a study by Labuda et al. (71). How geographical differences 
in immune response of rural and urban dwellers can affect response to 
malaria parasites or how this affects interaction between helminths and 
malaria parasites is not yet known. Filling this gap in our knowledge 
will be of particular importance in the future, since according to the 
United Nation nearly 50% of African population will be leaving in 
urban cities by 2035.  
 
Beyond helminths:  Microbiome and malaria 
 
Additional effort should be invested in assessing the relationship 
between P. falciparum and the microbiome of their host, particularly 
the gut microbiota. A recent study indicated that the gut microbiome 
could protect their human host against P. falciparum through antibody 
responses against the Galα1-3Galβ1-4GlcNAc-R glycan (also known as 
alpha-gal) (72). This xeno-glycan has been shown to be expressed both 
by bacteria of the gut flora and by Plasmodium sp. parasite. In this 





mediated through the production of anti-alpha-gal antibodies capable of 
blocking Plasmodium sp. growth in vitro through complement 
activation and to interfere with the invasion of hepatocytes by the 
parasite (72). It is possible that additional xeno-glycans commonly 
expressed by gut bacteria and by Plasmodium sp. are able to generate 
such an anti-malarial immunity. Their identification and the 
characterization of the mechanism by which they are able to modulate 
anti-malaria immunity could open the door to a new era of glycan 
based anti-malaria vaccines. Whether the composition of the 
microbiome could influence the immunogenicity and efficacy of 
malaria vaccine candidates would also need to be addressed. This has 
been shown for influenza vaccine in mice (73). Moreover the 
interaction of helminths with malaria might need to take the microbome 
into account as it has been shown that helminths can influence the gut 
microbiome (74). 
 
Age might matter 
 
Studies that describe the epidemiology of helminths and malaria 
coinfection have mainly focused on school aged children and adults to 
some extent. There is currently an important gap in our knowledge on 
co-infection in pre-school age children. However there are data 
suggesting that this group is also affected. In a exploratory studies 
where the burden of helminths was assessed in 1 to 5 years old children 
in Gabon we found a prevalence of 29% of intestinal helminths 
(Ascaris lumbricoides, Trichuris trichiura, Necator Americanus) and 
7% of S. haematobium (unpublished data). It is likely that helminths 
have a more potent effect on anti-malaria immunity in this age group.  
 
 
Standard operating procedure for immuno-epidemiological studies 
 
In this thesis we were able to show that the differences in 
immunological assays set up to study the effect of helminths on 
immune responses to Plasmodium spp. infection influence the direction 
of the study outcome. Given the importance of immuno-
epidemiological studies, there is a need to harmonize the protocols used 
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Eerdere onderzoeken, hoewel weinig in aantal, wijzen op een effect van 
helminthen (parasitaire wormen) op malariaziekteverschijnselen en op 
de afweerreactie tegen Plasmodium spp in gecoïnfecteerde personen. 
Echter zoals besproken in het eerste hoofdstuk van dit proefschrift, is 
het nog onduidelijk hoe consistent dit effect is tussen verschillende 
studiegebieden en wat de immunologische basis ervan is.  Het 
onderzoek dat hier gepresenteerd wordt is er op gericht om het effect 
van helminthen  op de afweerreactie tegen de malaria parasiet 
Plasmodium beter te begrijpen in gecoïnfecteerde personen in 
endemische landen. Dit proefschrift bevat data van studies die zijn 
verricht in landelijke en semi-stedelijke gebieden in Lambaréné 
(Gabon), waar malaria en helminthen veelvuldig voorkomen. We kozen 
voor een multidisciplinaire aanpak, zoals aangegeven in hoofdsuk twee, 
om de onderzoeksvragen te beantwoorden.  
Antilichamen zijn van bijzonder belang gebleken voor de afweer tegen 
Plasmodium spp. en kunnen worden beïnvloed door helminthen. In 
hoofdstuk 3 hebben we een longitudinale studie opgezet om te bepalen 
in hoeverre S. haematobium infectie het fenotype en functie van B-
cellen in chronisch geïnfecteerde kinderen beïnvloedt. Ten tweede 
hebben we de vraag behandeld of de verwijdering van de S. 
haematobium-parasiet met Praziquantel-behandeling de geobserveerde 
veranderingen kon herstellen. We vonden dat de verdeling van B-cellen 
anders was in S. haematobium geïnfecteerde personen, aangezien zij 
een hogere frequentie van geheugen-B-cellen hadden, tezamen met een 
verlaagde frequentie van naïeve B-cellen, in vergelijking met 
ongeïnfecteerde controle personen. Deze verandering door 
schistosomen omvatte ook de functie van B-cellen: de cellen waren 
meer geactiveerd na stimulatie, maar prolifereerden minder en 
produceerden minder TNF-α. Het is interessant om op te merken dat 
deze veranderingen gedeeltelijk hersteld waren na Praziquantel-












van de door schistosome veroorzaakte veranderingen in B-cel functie 
en fenotype op anti-malaria-afweer, zijn er enkele studies die de 
hypothese onderschrijven dat Plasmodium-specifieke humorale afweer 
verzwakt kan zijn door helminthen. We hebben besloten deze vraag te 
beantwoorden in een epidemiologische studie beschreven in hoofdstuk 
4. Deze studie was cross-sectioneel en bestond uit 287 personen van 6 
tot 50 jaar oud. Deze individuen waren óf geïnfecteerd met 
Plasmodium falciparum alleen óf gecoïnfecteerd met Plasmodium 
falciparum en Schistosoma haematobium, Loa loa of Mansonelle 
perstans. Totaal IgG tegen seksuele en aseksuele stadia van P. 
falciparum is gemeten en vergeleken tussen beide groepen. Het 
belangrijkste resultaat dat we beschrijven was een significante afname 
van antilichamen tegen het P. falciparum seksuele stadium antigen 
Pfs48/45 in malaria- en schistosome-geïnfecteerde personen (maar niet 
met L loa of M. perstans). De door schistosoma veroorzaakte 
imuunmodulatie reikte niet tot Pfs230, een ander P. falciparum antigen 
van het seksuele stadium, of tot andere antigenen van aseksuele-stadia 
die waren getest. Dit is de eerste keer dat het effect van helminthen op 
de humorale afweerreactie tegen antigenen van seksuele stadia van P. 
falciparium zijn onderzocht. Onze bevindingen roepen vragen op over 
het effect van helminthen op malariaoverdracht, wat een nieuw 
onderzoeksveld behelst. 
In gebieden waar veel helminth infecties voorkomen, begint de 
blootstelling aan helminthen al in de baarmoeder. Er is bewijs dat er 
transplacentaire overdracht plaatsvindt van filaria parasieten en 
antigenen van geïnfecteerde moeders naar de foetus. Bovendien is er 
aangetoond dat de nakomelingen van moeders die een helminthen 
infectie hadden tijdens de zwangerschap, een hoger risico lopen om 
later in hun leven geïnfecteerd te worden met deze parasieten. Uit 
immuno-epidemiologische studies is gebleken dat de immuuncellen 
van pasgeborenen afkomstig van moeders die geïnfecteerd zijn met 
filaria, minder sterk reageren op filaria antigenen in in-vitro 




nog niet volledig bekend. Het is echter bekend dat de tolerantie voor 
helminthen in chronisch geïnfecteerde personen voornamelijk 
veroorzaakt wordt door de inductie van een krachtig netwerk van 
regulatoire cellen. Het is echter nog niet eerder onderzocht of de 
activatie van deze regulatoire cellen al in de baarmoeder plaatsvindt. 
Hoofdstuk 5 richt zich op dit vraagstuk. Voor deze studie, verricht in 
Lambaréné (Gabon), zijn dertig zwangere vrouwen onderzocht waarvan 
de helft was geïnfecteerd met filariaparasieten. We hebben de 
frequenties van de verschillende CD4
+
 T cel subpopulaties gemeten in 
de immuun cellendie werden geïsoleerd uit de navelstreng van de 
pasgeborenen. Daarnaast is er onderzocht of er een relatie is tussen Th1 
of Th17 cel subpopulaties en de regulatoire T cellen. We tonen aan dat 
de frequenties van CD4
+
 T cel subpopulaties gelijk is in pasgeborenen 
van filaria-geïnfecteerde en ongeïnfecteerde moeders. Echter, in de 
pasgeborenen van filaria-geïnfecteerde moeders bleek er een negatieve 
correlatie te zijn tussen regulatoire T cellen en zowel de Th1 als Th17 
CD4
+
 T cel subpopulaties. Dit wijst erop dat er activering van 
regulatoire T cellen in de baarmoeder optreedt in moeders met een 
helmintheninfectie en dat deze cellen in staat zijn om cellulaire 
afweerreacties te onderdrukken.  
Nader onderzoek naar het effect van helminthen op de cellulaire 
afweerreacties tegen Plasmodium spp. werd verricht in de studie 
beschreven in hoofdstuk 6. Deze studie biedt informatie over de 
aangeboren en verworven afweerreacties in schoolkinderen die 
geïnfecteerd zijn met P. falciparum, met of zonder gelijktijdige S. 
haematobium infectie. In plaats van de individuele cytokines te 
analyseren, zoals vaak wordt beschreven in immuno-epidemiologische 
studies, hebben we gekozen voor een meer globale aanpak om het 
patroon van cytokine responsen te onderzoeken. We hebben gevonden 
dat een P. falciparum infectie leidt tot een toename in aangeboren en 
verworven afweerreacties, terwijl personen met een S. haematobium 
infectie een toename in chemokines laten zien en een afname in pro-












haematobium infectie op de afweerreactie van kinderen met een P. 
falciparum infectie, dit geldt zowel voor de aangeboren aspecifeke als 
de verworven specifieke component van het afweersysteem. Hoewel 
deze studie een mogelijk effect van S. haematobium op de 
afweerreactie van P. falciparum-geïnfecteerde kinderen uitsluit, is het 
van belang om te erkennen dat de huidige studies rondom dit 
onderwerp tot nu toe tegengestelde resultaten hebben opgeleverd.  
In hoofdstuk 7 hebben we een meta-analyse uitgevoerd waarin we alle 
studies samenvatten die het effect van helminthen op plasmodium spp. 
gerelateerde afweerreacties hebben onderzocht, en we hebben 
geanalyseerd welke factoren verantwoordelijk zijn voor de 
uiteenlopende resultaten. We tonen aan dat wanneer we alle studies 
samenvoegen, geen enkele onderzochte immuun parameter beïnvloed 
wordt door helminthen. Meer gespecialiseerde analyses laten echter 
zien dat dit resultaat verklaard kan worden door verschillende helminth 
soorten, eerdere blootstelling aan helminthen, het gelijktijdig 
voorkomen van meerdere  helminth soorten en de immunologische 
analyses die zijn gedaan. Deze meta-analyse toont het belang aan van 
gestandaardiseerde studie ontwerpen en protocollen in immuno-
epidemiologische studies. 
Dit proefschrift heeft meer inzicht gegeven in de complexe interactie 
tussen helminthen en malaria in de menselijke gastheer en deze 
bevindingen wordt samengevat in hoofdstuk 8. Daarnaast beschrijven 
we in dit hoofdstuk hoe deze interactie in de toekomst verder 
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